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PREFACE. 


The mformiition rt'hitiii}? lo tlic \:ui(Mis sulijcclM treated in 
this little M)linne is eoiidensed inti) tlie smallest ixissihli* spare 
])y IndiiR mostly nrrnnf;ed into lahiilur lomi. It i^ a matter of 
daily exj>orienc(‘ that practical men usinj; retcren<*e hooks of 
this kind ohtain tlie inrormation rei]iiired principally from 
tuhles eonlaineil therein. 

With the e\ce|>tion of mathematical tables or tahli's o 
!Uoasnre?7ienls, tabular inlormation cannot l)c e\|)e<-ted to be 
more than approximate Whenever minute de.scriptions of 
cheniicjil o|«'rations or manipiilafions are re<pnred. such should 
be obtained from text-books treating on the sjH'cilic matter 
under consideration. 

The mineralogical tablc.s, which have l»een constructed from 
information derived from a numher of authoritative j)ublica- 
tioiis, arc eon.sidered to be entirely new ami are otTen'd ben‘ as 
an cx]>erunental means for the approximate determination of 
the coiniKisition of any mineralogieal specimen qualitatively, 
and as a preliminary means of investigation to determine tlie 
desirability for a ijuanfitative ehemieal analysis. 

By an examination of the ininei’alogieal tables, and espe¬ 
cially by their craployment for the determination f)f the eliarae- 
teristicH of some siieeimens, it will Im; |K‘reeived that, for many 
minerals namei! in the tables, tlie information is not as eom- 
pleto as may lie desirable, and that therefore a thorough eoin- 
pariHon eapuot l)o mad(‘, as under some lieadings of the tables 
the coiTOsiionding charaeteri.stic behavior of the mineiiil, sub* 
stance is wanting. * 

This omission is due to the fact that the information relating 
to the tabulated minerals, when treateil as imliejit.ed in the 
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tables, has been gleaimcl from (lps(?ripiivo matter dissenhnated 
in a number of lK«»ks on mineralogy, none of whicli supple¬ 
mented what Avus omitted in others. 

The syHtcm of making tests in the manner indicated,by the 
headings of the miueralogical t.aliles d(ws n<)t exclude addition^f 
tests, and the tables lljemseh o.s may be subje<*te».l to modifica¬ 
tions and additkm.s. It is therefore hoped tlial the systciimtic 
manner for the determination of the })ohavior of any mineral 
sampie, wiien subjefted to tlu' jdjysical tests and to the eliemical 
reagents indi(‘atcd in the tables, jmd when said behavior is 
rocortied in aecordjinee thereof, will Ik? of 8er\ice and assist¬ 
ance not only to the student ljui also to the numerous interested 
persons who have roccivcjd no previous training in the st?ience 
of mineralogy. 

The part relating to metallurgy, altlunigh principally con¬ 
fined to matters generally familiar to the professional metal¬ 
lurgist, may nevortheless be found useful as an aid to memory 
to the latter, and will undoubU?dly bo of interest to the many 
persona who arc in some way connected with or interested in 
trades in wliich metals of various kinds form the bulk of the 
raw material. 

The application of electri(?ity to metallurgy is in many cases 
limited to transitory methods, but is in a condition of develop¬ 
ment. The only practical and industrial application of elec¬ 
trical currents to metallurgical ojxjratioiis up to date appear 
to be confined to plating, refining of copj>er, to the induction 
of aluminium, and of a few other metals of very limited use. 

It has been found impractical)le in a great many cases to 
give Hpe(;ifically credit to the source from wliicli the informa¬ 
tion c?outainod in this little volume was obtained, as in such 
cwies information relating to the same subject-matter was 
gleaned from a numl)er of autliorities and is the result of con¬ 
traction, condensation, and ret?lus8ification of matter drawn 
therefrom. 

It lias tlicrefore been considered suriTicient to eijclose a list 
of tlie authorities which have lieen directly or indirectly in¬ 
strumental to furnish nthteriol for the compilation of this 
little but it is hoiked useful reference book. 

J. Q. Goesel. 

St. Logxs, Mo., Juim, 1006. 
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ALGEBRAIC SIGNS AND ABBREVIATIONS 




MINERALS AND METALS. 


nOTED STATES COAST AND GEODETIC 
SURVEY: 

BUREAU OF WEIGHTS AM) MKASTIRES. 

S. HISTORIC EXTRACT FROM OFFICIAI, TAPERS RE¬ 
LATING TO STANDARDS OF WEIGHTS AND 
MEASTTRES OF THE UNITED STATES. 

In 1814 the TrouKhton 82-inHi hres-s scale was ordcrcfl by 
Hosaler as a standard of length for the Coast and Geodetic 
Sur\'cy. 

In 1821 a platinnm kilogramme and met re and in 1827 a 
brass Troy pound were obtained by Alliert Gallutm, Minister 
of the United States in London. 

In 1828, by Act of Congress of May 19th, this Troy pound 
was made the standard for the use of the Mint. 

Customary Measure ot liength.—The Treastiry Department 
adopted as its yard the length comprised between the 27th 
and the 63d inch division of the Troughton scale, which was 
supposed to be eiiual to the Imperi.al Standard of Great Britain, 
'but surpaased it in length by 0.00083 inch at 62° F. 

In 1834 the British standard of length was destroyed by 
fire,, and a new standard was constnicted after 1843. From 
this fifty copies were made, and two of these copies, the Low 
Moor Iron No. 57 and the Bronse No. 11, were presented to 
the United States in 1856. These yards were again taken to 
England in 1876 and in 1888 tor comparison with the Imperial 
Standard, and their relation to the latter is therefore kr - 



6 


MINEllALS AND METAM. 


UNITED STATES S'l'ANDAliD WEKillTS AND 
MEASUItES. 

Conversion of Customary to Metric and of Metric to 
Customary WelKlits and Measures. 

ClISTOMAliV TO METRIC. 

IJiioar* 



Inches tt» 
MillinictrcH. 

Feet(o 
Metres. 

Yiiiils lo 
Meties. 

Miles to 
Kilometres. 


25 -lOOl 

0 .304801 

0 914402 

1 60935 

2 - 

50 8001 

0 OOOi'tOl 

1 H2SN04 

3 21860 

3- 

76 2002 

0 91-1402 

2 7J.I205 

4.82804 


lUl (>002 

! 2192J2 

3 6.57«>07 

6.43730 

6- 

127 0003 

1 534003 

4 573IMK) 

8 04674 

6- 

152 4003 

1 82<804 

5 48(i4U 

0 6560K 

7- 

177 S004 

2 133604 

6 400813 

11 26543 

8 = 

203.2004 

2 4:i8405 

7 315215 

12 87478 

9- 

228.0005 

2 743205 

S 229616 

14.<18412 


Square. 



Square Inches 
to Square 
Centimetres. 

Square Feet 
(o S(|uarn 
Ileeiineftps. 

Square 

1 o Stiuaro 
Metres. 

Acres to 
Hectares. 

1" 

6 452 

9 290 

0 836 

0 mi ' 

2 = 

12 003 

18 .581 

1 f>72 

0.8084 

3- 

10 3.55 

27 871 

2 508 

1.2141 

4- 

2.5 807 

37 161 : 

3 344 1 

1 6187 

6» 

32 258 

46 452 

4 181 ' 

2.0234 

6- 

38 710 

55 742 

5 017 

2 4281 

7* 

45 161 

65 032 

5 8.53 

2 8328 

8- 

,51 613 

74 323 

6 689 1 

3.2375 

9- 

58.065 

83.613 

7 525 

3.6422 


Cubic. 



Cubic Inches 
to Cubic 
Centimetres. 

Cubic Feet 
to Cubic 
Metres. 

Cubic Yartls 
to Cubic 
Metre.s. 

Bushels to • 
Hoclulitres. 


16 387 

0.02832 

0.765 

' 0.35239 

■ \ 32 774 

0 05663 

1 529 

0.70479 

'' V 49 ,161 

0 08495 

2.294 

1.05718 

\ «5,649 

• 0 11327 

3.058 

1.40957 

N8l.9.3fi 

0 14158 

3.823 

1.76196 

>8 323 

0 16090 

4 587 

2 11436 

V V710 

0.19822 

5 3,^2 

2 46675 

\097 

0.22654 

0 116 

2 81914 

^^84 

0 25486 

1 

6.881 

3.I7Ili4 


\ 




t). S. STANDARD WKICHTS AND MKASURRS. 




rapacity. 


• 

Flnitl DruiiH 
tci Millihims 
(»r I'ulnr. 
Contiinetifw. 

Fluid Ouiu-es 
t(» Milhlilre.''. 

Quarti to 1 
J.dre.s. 

Gallons to 
Litres. 

1 

3 70 

29 .57 

0 94030 

3 7S5‘’.3 

2 

7 39 

59 1.5 

1 S9272 

7 .57087 

3 

11 09 

ss 72 

2 S390S 

n 3.50;j0 

4 

14 79 

IIS 29 

3 7S.543 

1.5 14174 

5 " 

IK -IK ' 

1 17 S7 

4 73380 

18 92717 

« = 

22 IS 

177 it 

5 07S10 

22 71261 

7 • - • 

2.5 KS 

207 02 

0 024.52 

20 49804 

8- 

29 .57 

2.30 .59 

7 .57088 

30.28348 

9 - 

33 27 

2iK) 10 

8 51724 

34.06891 


WolKht. 



(Irains to 
MiIligrammc.H. 

Avoirilupiuf. 
Ounces to 
Gniiiiiiu's. 

A\oirdup<ils 
I’oinids to 
Kilogiuinmcs. 

Troy Ounces 
to Grammes. 

1 

64 7989 

28 349.5 

0 45.359 

.31 10.348 

2- 

129 .5978 

.50 0901 

0 90719 

62 2U(»)6 

3- 

1 194 3968 

/ 85 0480 

1 30078 

03 31044 

4 = 

1 259 19,57 

113 3981 

1 814.37 

124 41392 

.5« 

323 9946 

141 7470 

2 20796 

1.55 .51740 

6- 

.388 7935 

170 0072 

2 721.56 

186 0208H 

7» 

4.53 .5924 

198 4407 

3 1751.5 

217 72437 

8 = 

.518 3914 

220.7962 

,3 62874 

248 82785 

9* 

68.3 1903 

255 14.57 

4 08233 

1 

279.03133 


1 Guntor’fl chain 
1 Kq. statute mile 
1 fathom 
I nantical mile 
1 foot-(). 304801 
1 avoir. p<iun<i 
Rk432.35030 Kntiua 


=■ 20 1168 metree 

•' 2.')9 OIK) hectares 

/= 1 829 metres 

= 1853.2r> metres 

metye, 9 48401.58 log. 

« 45.3 .5924277 gramme 

= 1 kilogramme 
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MINERALS AND METALS. 


METIUC TO CtlSTOMATiY. 


IJnoar. 



Iiicln"<. 

Alflro.'f to 

I'foi ! 

Mrlifsto j 
\anO 1 

KilonicIrcH 

In 

1 - 

39 371K) 

28083 

I 01)3011 

0 02137 

2- 

78 7401) 

1 0 r)0io7 

1 'X 

1 24274 

3 = 

118 1100 

9 84230 

1 3 280833 

1.80411 

4 • 

ir>7 4800 

13 12333 

4 371144 

2 48518 

5 = 

190 8r>oo 

10 40117 

5 408050 

3 10085 

0’ 

230 22(K) , 

19 08500 

0 501007 

3 72S22 

7 = 

27.'’. SWIrt 

22 90583 

7 055278 

4 34959 

8 = 

314 9000 

20 241>07 

8 718889 

4 97090 

9 = 

3r)4 U3U0 

29 52750 

9 SI2500 

5 59233 


Squaro* 



1 Square Ceiiti- 
mctrc'< f() 
Square 1 nehes 

SqiuiTo Mpl ro!' 
t(» Sqiiuru 
Feel. 

Square Metros 
to Kquaro 
YarcN. 

Hectares to 
Acres. 

1 = 


10 704 

1 190 

2 471 

2- 


21 .528 

2 302 

4 942 

3=- 

1 0 4<>50 1 

32 292 

3 588 

7 413 

4- 

0.0200 

43 055 

4 784 

0 884 

5- 


53 819 1 

5 980 

12 355 

6" 

0 9300 I 

(M 583 

7 170 

14 826 

7- 

1 08.50 I 

75 347 

S 372 

17 297 

8« 

1.2400 

80 111 

9 508 

19 708 

9 = 

1.3950 

96.875 

10.764 

22 239 


Cubic. 



Cubic Centi- 
inptrps lo 
('ubic Inches. 

Cubic Deci' 
meCres to 
Cubic Inches. 

Cubic Metres 
to Cubic 
Feet. 

Cubic Metres 
to Cubic 
Yards. 

1 = 

0.0010 

61 023 

35.314 

1.308 

2* 


122 047 


2.616 

3- 

0.1831 

183 070 


3 924 

4" 



141.258 

5 232 

6" 

0.3a51 

305.117 

176 572 


c- 

0.3061 

360 140 

211 887 

7.848 

7- 

0.4272 

427.104 


9 156 

8- 

0 4882 

488 187 

282 510 

10.464 

9» 

0 5402 

540 210 

317 830 

11.771 













U.S. STANDARD WKKiHTS AND MEASURES. 0 


Capacity. 



Miliilitros 
<>i ('uliir 

OlltlllKM ITS 

(c l‘'li|i(l 

(Viihlihcs 
to HukI 
Ouiict'.'. 

Litres (o 

DecfilitTPH 

HoftoiUiw 


<iiitirls. 

to (illllollN. 

to BuKheb. 


DKim.H. 





1 - 

0 27 

0 33S 

1 0r)07 

2 0417 

2 8377 

2 

0 :►« 

0 070 

2 1134 

r, 2834 

5 0755 

3 - 

0 SI 

1 011 

3 1700 

7 «2'>l 

S 5132 

4^ 

1 OS 

1 3.'3 

4 2207 

10 5008 

n 3510 

5 . 

1 3r. 

1 «,ni 

:> 2K34 

13 2085 

14 1887 

(> 

1 02 

2 1)20 

0 3401 

15 S502 

17 0265 

7 

1 K9 

2 307 

7 3908 

IK 4919 

19 8042 

« - 

2 10 

2 700 

8 mr> 

21 1330 

22 7019 

9-= 

2 43 

3 043 

0 i}101 

23 7763 

25 5397 


Wcielii. 



MiUiirrammps 

; Kiloernninies 

lIcctottramTnos 

Kilnarammea 




AvoirdupoiM 

Av<»irdupoifl. 

1- 

0 01543 

15432 30 

3 5274 

2 20402 

2- 

0 03080 

'30804 71 

7 0548 

4 40924 

3- 

0 040;i() 

40297 07 

10 5822 

0 01387 

4 

0 (M1173 

01729 43 

14 1000 

8 81849 

5- 

0 07710 

77101 7S 

17 0370 

11 02311 

6 - 

0 09259 

92594 14 

21 1044 

13 22773 

7- 

0 10803 

108020 49 

24 0918 

15 43230 

8- 

0 12340 

123458 85 

28 2192 

17.03008 

9- 

0 13889 

i;}8891.21 

31 74ti0 

19.84160 


Weight— (Continued). 



QiiintuU to 

PouikIh Avoir¬ 
dupois. 

Milliers or Tonnes 
to Pounds Avoir- 
flupnis. 

Ki1o((rainm<ui to 
to Ountjes Troy. 

1- 

• 220 40 

2204 0 

32.1507 

5- 

440.92 

4409 2 

64.3015 

8 = 

661.39 

0613 9 

96.4522 

4- 

881 85 

881S 5 

128.6030 

5- • 

1102 31 

1102:1 1 

160.7637 

6- 

1322 77 

13227 7 

192 9044 

7“ 

1543.24 

15432.4 

m 0552 

8- 

1763 70 

17037 0 

' 257 2059 

‘9- 

1984.10 

19841 0 

289 3667 
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MINERALS AND MKIALS. 


The navlu'al mile iif the U. S. Coast and Oeodctic Siin'ey 
IH defined as the length of one minute of arc of a great circle 
of a spliero, IIk; surface of which i.s eiiual to that of the earth. 
1 nautical mile = 0080.198 feet=2020.7327 yards. 


4. METRIC SYSTEM. 

'Hie unit was originally derived from the meaRxiremcnt of 
1 degree latitude. From this measurement the standard metre, 

defined to l>e the one te^n-millionth (yoo^Jooo) 

quarter of a meridian, was eonstrueted. it is known as the 
MJiTRB Di-is AnCHiVKs.” From this all otlior units of measure¬ 
ment of surface, of volume, and of weight are derived as follows: 

LAND STIRFACK. 

Arei The surface of a s([uare of 10 metres side»100 square 
metres. 

Hectare 00 arcs = 10000 Bijuare metres. 


LIQUID AND DRY MEASURES. 

Dry (for cereals, wood, stone, etc.) 

Lltrei The contents of a cubic decimetre or of a cube metre 
side. 

Hectolitre I One hundred litres, of a cubic metre, 

Sterei One cubic metre. 


WEIGHT, 

Grammes The weight of 1 centimetre cube of distilled water 
at its maximum density at a temperature of 3.94® C,** 39.1® F 

Kllogrammet The weight of 1 litre of distilled water ’at 
maximum density. 

Tonne* One thousand kilogrammes. Weight of 1'metre 
cul>e of distfUed water at maximum density. 

* One quarter meridian moasuree 10,001,900 metrea by later detenuDa* 
tioaa. 




METRIC-SYSTEM MULTIPLES AND SUBDIVISIONS 


CUSTOMARY MEASUREMENTS. 11 
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MINERALS AND METALS. 


Volume 

i 

B 

JS 


c 

.1 


7? 


1 Drachm . . 

(>0 


1 Kiuid ounce 

•ISO 

M 

1 Pint. . 

7(bH(> 

12S 

1 Quiii t .. , 

i:i:«50 

2;V) 

1 Cullon... 

(>]4U) 

!()21 

1 Peck. .. 



1 Bufthcl. 




MEASITRES OF VOLUME. 



piiith 

QuuriN 

(iulIoilH 

p 

i-3 





0 


s 

•3 




0^ 


V 

Q 

J Q 

•CM 

1(5 

1 





^12 

2 2 

1 




12S 

H S 

4 

4 

1 



\S (ilS J(> 

}( 

H 

2 :t27 2 

I 


7i 17L'| (5-1 

:57 2;{(i 

:i2 

9 ItOU K 

4 


1 li(‘ stundurd ddtlun confjuti.s 2lil rul>K’ iiiclios. It^ conli'iifs 
of (li.sfilli'd w:U(‘r ut «)ii\iiiiuni iloiisitv nt a tcmi>erature of 
3.91i“(' -»3f)()7° F. and nican ahnoKplic'rii' iirossurp of ;9) iiiolic.s 
^7(i2 mm. d 7S;)43 kKm — SdidlH poimds avoirdiijKus. 

Thi' standard bushel is of 21,7(1 12 cuhic indies Its con¬ 
tents of di,sidled water at ma\iimini den.sily weiRli 2.5,2.'«) kgm, 
.==77.(iSS5 pound.s .avoirdiipoi.s Inside dimensions: diameter 
18,r/^, lieiglit 8'^. Heaped, tlie eone should la* 0'^ high. 

HUKIIELS in I'or.NDS AVOIRDUI’OIS 

_ (Commorpuil ) 


Con, dltellett. 
Cement..... 

Coko. 

Ohnrw^. 

<.W clone.... 


PouimN [ 

IH'l-JilHllplI 


LhikI i>lu.otcr. 
Limp, uohlukpcl.. 
Lime. Nlaked.... 

Polatties. 

Wheat. 


Poundfi 
l>cr bushel 


MEASUKKS 01' WEIGHT. 


4V0IRI)liP018 


1 Ounce. 4 :t 7 .’> 1(5 

1 Pountl.tt). . • . 7000 25(5 

1 Hutidrerlwcight,cwt 

1 Toil, long. 

I Ton. ehori. 


Troy { Pflf'*'/- 


Ouncen 

Troy Avoir. 
Pounds Pounds 

Hundred* 

weight, 

cwt. 

16 

1.2153 1 



112 

1 


2240 

20 


2000 



weight, Ouncei* Avoir- 


l Peiinvweij^it, dwt.. 21 

I Ouni*o ... 4«0 

I Pound. ._^_57(50 
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MEASURES OE WEIOHT.—(CoirftnMd) 


Ahothkoauikh’ 

Troy 

Scrunles ; 

r>rucliuis 

Ounces 




1 




1 Scrufdc, W 

20 





1 Drachm, W. 

(M) 

3 




It.hmrc, W... 

480 

24 

K 



1 Pound, W. 

5700 

288 

90 

12 


Diamonds 

Garal - 

1 

Grains 

l^urts 

Gramme 

(■rains 

Troy 

1 Gramme. 

4 875 

11) 5 

8J2 


15.432 

1 (-arat. 

1 

4 

(rl 

0 20512 

3.17 

MEASURES OF 

VALUE. 



DenoinitialioiiH 

Mills 

Cents 

1 

Dimes 

Dollars 

Eajsles 

1 CV'ut. 

10 

1 




1 Dune. 

100 

10 

1 



i Dollar. 

JOOO 

100 

10 

1 


1 . 

10000 

KNM) 

HK) 

10 

1 


6. WEIOHT OF U. S. COINS 

standard and Pure Motal.—Standard pold and KilvrT: 9 parts 
of par<! gold or silver and 1 part of alloy, genendly copper. 


Commerrial aftbrevialio7ut: S'- iVillar, c = 


Cold CuiiRS 

Standard Gold 

Pure Gold 

Name 

S 

Gmmmos' 

Grammes 

Troy 

Grains 

Dollar... . 

Quarter-eagle. 

Three dollars. 

Half-eagle. 

Eagle. 

Double-eagle. 

1 

3 

lb 

20 

1.672 i 25.8 

4 179 i 04.6 
5.0154 1 77.44 
8 350 ; 129 

16 72 1 258. 

33.436 j 516. 

1 5040 

3 7610 

4 5139 
7.523 

15 040 
30.092 

23.22 

58.06 

69.06 

116.1 

2;i2.2 

464.4 

Silver Coins 


Standard Silver 

Pure Silver 

Name 

c 

Grammes 

2.5 

1 

i 6 25 

1 12 5 
26.73 

Troy 

Grains 

Grammes 

2 25 

4 5 ' 

5^25 

11.25 

24.06 

Troy 

Grains 

Dime. > .. 

20 cents. 

Quarter. 

Half-dollar. 

Dollar.. 

10 

20 

25 

50 

100 

38.58 
77,10 
90 4.5 
102.9 
412.6 

34.722 

69.444 

86.806 

I73.il 

371.25 
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MINERALS AND METALS 


7. Fineness of Gold Expressed in English Trade 
System. 

(Quanlitios in verticHl folutnns are equivalent.) 

Aiway i»oumJ. 

Carat. 

(^arat Brains. 

Einhtli . 

Excess arains. 

Wr cent. 

Per tliousand. 

The stantlanl of fineness for Kimlish coin is 11 parts fine goUI. 1 
part copr«‘r 22 carat fine or 91 (J tH>7 parts of fine gohl in 10(M) parts of 
gold and C()!>i>er alloy, and 83.:W3 copper. Specific gravity, 17.157. 



8. VAI-TTES OF FOT^KTCN COINS. 

(From U. S. Treasury Kepotl. 1903.) 

A.— Countries with Fixed Currencies. 


CJountries 

Standard 

Argentine K. 

G. & sS. 

Au.stria- 

Cold 

Hungary 


Belgium.... 

C. & s. 

Brazil. 

Cold 

British N. A. 

Gold 

(excejit- 


Newfound- 




British 

Gold 

Honduras 


Chile. 

Gold 

Costa Kicu . 

Goltl 

Cuba. 

G. A sS. 

Denmark.. 

Cold 

tlcuador. . 

Cold 

E«yi>t.. .. 

Cold 

Finland.. 

Cold 

France... 

C. & S. 


Mono- Value 
taiv inl'S 
Unit (lolil 


Peso #0 Oil,.5 <»old argentine ($4.S2,4) aud 
i urueiiline; silver—peso and 

tiiviHions 

('rown 2U..3 (sold- 20 crowriB ($4.0.5,2) and 
10 erowtia. 

Franc -19.3 fJoUl -10 mnl 20 franc piones; 
Rilver—5 francs. 

Milreis .51.0 (lold—5, 10, and 20 milreis; bU- 
ver—i, 1. aud 2 milrois. 

Dollar 100 


..'ll>,5 Gold—escudo ($1.25), doubloon 
(»1.05), and contjnr ($7.30); 
silA'er-—peso and diviHions. 

40 5 (htltl -2. Tj. 10. and 20 colons; sil- 
ver .5,10,2,'), and 50 centisimns. 
.92,0 Gold ' tiouhloon ($6.01,7); sil¬ 
ver— |)eso (00 cents). 

.20.K t;oUI-10 anti 20 orowiw. 

.4S,7 Gold-10 Hiicres (|$4.8666); Btl* 
ver— sucre and tlivisionB. ' 
1913 (jol.l - 10. 20. .50, atul 100 piasters; 
’ — 1,2. 10, and 20 piasters 

19 3 (iold 10 and 20 marks ($1.93 
aiul $3 '^o.O) 

19.3 «5old"5. 10. 20. 60. and 100 

francs; silver-6 francB. ‘ 
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A.—Countries with Fixed Currencle.s— Continued. 


Countries 

Standard 

Mode 

tary 

Unit 

Value 
m U.S 
Gold 

Coine 

Germany .. 

(iold 

Mark 

$0 23,K 

Gold -5. 10, and 20 marks 

Great Hrit- 
am 

Gold 

Pound 

.steiling 

1 hU.di 

(Jold- Mivcicign (pound tUciliiig) 
and luilf Hoteieigii 

Greece.. . 

G. & S. 

Drachma 

U),a 

Gold 5. 10,20..50.}iiid lOO.lnnh- 
iims; sihrr 5 di'achnias. 

Huih. 

a AS. 

(eotirdc 


Silver ftnuule 

Inciia... . 

Gold 

l{uj)ee 

32,1 

(!oUI Miveirigii (84ft005); sil- 
\ri-- lupcc and divisions. 

Italy. 

G. A sS. 

Lira 


Gol<j • 5. JO. 20. 50. and 100 lire; 
silver- 5 liie. 

.lapan. 

(Jold 

Yen 

•10,K 

Gold- 1, 2, 5, 10, and 20 yen. 

Lilieriu... 

Gold 

Dollar 

1 01) 

Netherlatids 

G. A S. 

Florin 

40,2 

(Jold H) florins; silvor^il, 1, 
and florins. 

Newfound- 

Innd 

Peru... . 

Gold 

Dtillar 

1 01.4 

(Jold $2(.»202,7). 

Gold 

Sol 

.4H.7 

fJold-libia ($4 8605'); 8ilver-~»ol 
and divi.sioii.s 

Portugal... 

Gold 

Milrois 

1 OS 

Gold 1.2 5, and 10 niilreia. 

ituasia.. . 

Gold 

Jluble 

.51.5 

Gold— inipenal ($7.7Ift) anti ^ im- 
ponal ($3.80). hilver- 1. i. and 

1 ruble. 

Spain. . 

A s. 

Peneta 

. 10,3 

Gold—2.5 jM'scla.s; sdAer—5 {leae- 
tas. 

Sweden and 
Norway 

(Jold 

Crown 

.20,ft 

Gold —10 and 20 crowns. 

Switaerland 

G. A S. 

Franc 

. 10..3 

(JtiJd - 5,10,20,50, and 100 francs; 
silver—5 francs. 

Turkey... 

(Jold 

Fiaeler 

04,4 

Goltl—25. 50. 100, 200. and 500 
piasters 

Uruguay.. • 

Gold 

Peso 

I 03.4 

Goltl fteso; silver—peso and 
divisions. 

Veneauela.. 

0. AS. 

Bolivar 

19..3 

Gold- 5, 10. 20, 50. ami 100 boli- 
vars; silver—5 bolivars. 


B.—Countries with Fluctuating Currencies. 




Values in U S. Gold (Cents) from 
1890 to 1902 

Countries 

Monetary Unit 

H ighest 

lAiwest 

Average 

Bolivia.! 

.vcr btiliviuno 

46 8 

38 2 

42 5 

Central America. . 

pf peso 

46 $ 

.38 3 

42.4 

China... 

. ...1 « 

77 1 

56 5 

66.3 

Columbia. 

Silver iKsso 

46 8 

38 2 

42 & 


Silver dollar. . 

."0 9 

! 41 5 

. 46 2 

Persia.. 

Silver kran... 

8 0 

7 0 

’ 7.8 


* Th« twi varifs Is value in the diSerent provinces el Ubina. 
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MINEKALS AND METAI,S, 


9. DYNAMIC MKARCREMENTS. 


nvnaniic 

(pianlilics 

('ustoniarv U. S. Unifs 

I'/jmviilenr. in Metric Units 

Speed . 

Pool per -^oeond 

0.:«HS iiitrs iier semi 

Knteo 

Potiiui 

O.-l.'sU) klcm 

J*ie>«iire, . .. 

Pouixl pel ; <4 in. 

0.070;{ klRin per cm® 

Work , 

Foot-iioiiiiil 

0 i;W klKiu-ndrs 

Pnwer. . . 

Kl-pinl pel M’lul 

0 I3S klK>ii-intr pr.scuil 

Hiirnfi |i(Kver ... . 

r>r>0 ft-p(lns per semi 

J70 0:tJ» kittni mlrtiersend 

■t.'tOIK) ll-pmiN per riiimiie 

l.-iliS 2S klRin-mli per min. 

D.Viiiiiiiie 

Qiia'itities 

Molne Uiiils 

Fguivalent in 

U. S Units 

Spccif. 

Metie per secuml 

3 2S [ei't iMT second 

Fiiree . . 

Kilofi'iuinnie 

2.20-0) pounds 

Pressure, slte-^-s. . 


H.2:k4 puds pr in® 

Work. 

KlKUi-iiietrc 

7 2:J2 foot-pnds 

Power. 

KlKin-meire |kt snul 

7 2:12 ft*|>ndi |Hir send 

HorHfi'power ... 

7.'j klKiii nitr jicr send 

.•itJ .‘10 rt-[)n<ls send 


klitin iiitrper min 

.32543.4 ri-pnds pr minute 


DoflnltiotiH and AbhrovlaOoiist Pud pr iiP in pounds pressure 
per square iucii of siirfan', nm) kluni j^cr oin^ means kilo- 
Rratiiines per stpiaro ctMilimeln^ of siirfaw, or in the ease of 
stresses it means pounds per square inch of section or kilo¬ 
grammes per sipnirc oudiinotrc' of sectional area. 

Foot-pound, ft-pnd: One pound lifhal one hwt higli. 

Kdogranime-metre, kigrn-intr- One kilogramme lifted one 
metre liigh; generally, the work n<*ei‘ssar>' to move a reaist- 
anai eijuivalent to a unit of tlie force of gravity tliroiigh unit 
space 

Ft-pnd per send: The work of one foot-pound performed 
in one second of time 

Klgm-mtr per send: The work of one kilogramme-metre 
perfonned in one second. 

Ft-pnds-min: Foot-pounds |)er minute. 

Klgm-mtr per min: Ivilogramme-metre per minute. 


10. TITEIIMODYNAMIO MEASrjREMENTS. 

Temperature is measuBed by the effect of Iieat in expanding 
variou.s sulistances, as merciir\% alcohol, air, and various «)m- 
bination^of metals, 

The variation of resistance to the flow of an electric cuf- 
rent has been used for measuring very high temperatures. 
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Thermometfr.H arc instruments i'or the indication at rela¬ 
tively mxh'rate totrip-rulaires. 

Pyrometers are use<l for very liigli teTnj)erattires. 

The graihiations of all thermoint'lers an- based on the freezing- 
and (»n tlie hoihng-])omt‘-’ of distilled water at normal atmo- 
splu'ri*, (*(|iuval(‘nt to a pressure ol a l)aronu‘trie column of 
mercury at jreezing-puint of 7<l cm , or aluml 29 92 inches in 
lieight. 

Tlie thermomet.(*i*s consist of a closed glass tuhe of some 
length with a very Ime, usually flat, tuluilar hole of even cross- 
section throughout its whoh* length (calibrated tulx*), and a 
bulb of some volume containing the nuu-eurv t»r other li<|uid, 
wiiieli extends partiall\ into the Hat tubular hole and in which 
it can expand or cont ract suHicieiilly to indicate the extremes 
of heat or cold. 


Customary Thermometers. 

Centigrade, indicating <l('gre(‘s (', in which the linear expan¬ 
sion of the indicating liijuid in tlie tul)e, lietween freezing- and 
boiling-point of distilled water, is divided into lOH equal parts, 
each of which is called one degR-r; C. (rC),the freezing-point 
Ixjing 0°G,, the boiImg-T>oint 100” (’ 

The Fahrenheit, in which the same nmourit of linear expan¬ 
sion is di\nded into 180 equal parts, the freezing-point l>elng 
designated by 32” F., and the boihng-iwint by 212” F.-180° 
+ 32” 

The Reaumur, in which the freezing-point is designated by 
0° R, and the boiling-point of the distilled water by 80” R. 

Equivalents of the Different Degrees of ThcrnionieterN.— If 
n="nu!nber of degrees, to I.k‘ positive ( + ) when al)ovc, and 
negative (~) when lielow 0” , and 0 , F and R. for Centigrade, 
.Fahrenheit, and R^'aumur degrees, then: 

n° C =(|n + 32)”F =(1 8Xn + 32)°F 

n» {j-aXnrR -{0SX«)°R 

B° F. = (5(11-32) )“ C -(0 .Wi X(n-32) ^C. 

n” F, = (|(n-32))“ 1{ = (0 444. (n-32))'’ R 

n“R = (}n)‘>C=(l 25n)'’C. 

n' R = (ln+32)'‘ F=(2.25n+32)» F. 
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Quantity of Heat. 

CalorJet One kilugramriio of diNtillt'c) water at its tempera¬ 
ture of maximum density of (’. IieaU’d to 5® C. will absorb 
one nietric unil quaiiHty of lieat. 

Calorie Cranimet T!ie (juantily of lieat absorlied by one 
gramme of <listilled waler wIkui heat<‘d 1" (', from 4° (’. to 5® C. 

British Thernml I’nlt, B.T U.: The quantity of lieat necessary 
to lieat 1 pound of distilled water from the temperature of 
39.2° E, one degree F 

1 Calorie = 3 9983 RT.U 
1 Il.T.Xl. —0.252 ('alorie. 

11. Electric Units. —The ele<troinagnetic units by the 
British Association, and ratifieil liy the (^rngmss of Eleeiricians 
held in Paris in 1881 and iti ('hicago, U. S, in August, 1803 

Timet 1 second, designated by S. 

IjenRtht 1 verdimetre, di'signated by C. 

Mans* 1 gratmue^ designated l>y (1. 

e.G.S. Unltst Centimetre, Gramme, Second Units. 

Spovdt 1 centimetrv'm 1 smmd. 

Forcet 1 dtjnc, the force acting during 1 second on the mass 
of 1 gramme and producing an acceleration of speed of 1 cen¬ 
timetre per second. This acceleration in Paris is 
that produaid by gravity. 

Work! 1 erg, tlie work of nioving a body 1 centimetre against 
a resistance of 1 dyne. 

Poweri 1 erg in 1 second. 

Heatt The UG.S. heat unit; the quantity of heat produced 
by 1 erg of work or equivalent to it. 

Magactlc Force: The unit maijneiic pole, the C.G.S. unit of 
magnetism. The force which causes two similar magnetic 
pules to repulse each other to a distance of 1 centimetre by 
a force of 1 dyne, 

Current Density: The C.G.S. unit of current density; the 
current in a conductor of 1 centimetre in length bent to a radius 
of 1 centimetre producing at tlie centre a force of 1 dyne when 
acting on a unit pole of magnetism. 

Current Quantity: The C G.S. unit of current density passing 
in an cle'btrioat circuit in 1 second. 

Electromotive Force or Potential: The difference of potential 
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(pressure) between two points ol a conductor producing an 
erg of work by a C.(«.S unit of current density. 

Kesistuncet The ri-sistaiice of a conductor re<iuiring a (IG.S. 
unit difference of iH>tentiul Ix-tween its extivniities for the pro¬ 
duction of a e.G.S. unit of current 

Capacity: The ca))acily of a condenser which will hold a 
U(i.S unit quantity of electricity with a unit potential differ¬ 
ence lK.*tween its tenninals. 

11a. Practical Units by the International Congrt^ss on 
Electrical Units, Cliicago, Aug. 1893. 

KcsiKtance: hdvrmlionnl Ohm: TIm* resistance of a column 
of pure mercury, weigliing 14 4ri21 grammes, of 1 s(|uare milli¬ 
metre section and 10(5.3 centimetres h-ngth at 0°C=-32°F. 
The international oliin is e^jiial to 10® tinies the C.G.S. luiit 
oi resistance. 

Electromotive Force, or Potential: Xolt; The electrc^motive 
force (pressure or tension) neeessar} to maintain an electric 
current density of one anq)er(> current *= UG.S. unit current 
it! a conductor of 1 ohm n‘sistaiue The volt is e<jual to 10* 
the (IG.S unit of eleetromotix’e force 

Current Density, Current Strength: Am'/)fre: The current 
density or strength maintained in a conductor of 1 oiim of 
refustance by an electromotive force or ehjctric tension of 1 volt. 

One ampere is equal to 10”' or the CG.S. unit of current 
density. 

Current Quantity: Coulomb: Tl»e quantity of eleclridty of 
one ampere current strength in one second. It is equal to 
10“' or j*^ij of a C.G.S. current quantity. 

One coulornl) will decompose 0.0935 milligramme of water 
in one second from acidulated water in a voltniotrc. It will 
depasit from a salt of coppe^r solutiot: 0.3280 milligramme of 
copper, and from a salt of silver solution 1.118129 iiiilligriunmcB 
of silver. 

Capacity: Farad: The capacity of a condeuscr retaining 
one coulomfi of electric quantity at an electric t<*n«ion of 1 volt. 

One farad is equal to 10“® times the C.G.S. unit of capacity. 

Magnetic Force: Tlie C.G.S. unit of magnetic force of one 
dyne at the centre of curvature of a conducting wire of 1 cen¬ 
timetre in length bent into an arc of a circle of 1 centimetre 
radius, through which passes a current of C.G.S. unit density 
or of 10 amperes. 
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A conducting wire U'lii intoa circle of 10 cciilinielrcH diam¬ 
eter with a current of 7.0578 amperes iinuluces at 

the centre of c\in’atun* tlirongli air or a non-inagnelic sub¬ 
stance also a unit niagne(ie polo of one dyne If a magnetic 
substance is substituted f(jr tin* air tlie magnetic force is greatly 
mnltipli(*d» tlic ninlti]>lication de}K‘nding on the magnetic 
sulistanee and on tl)o degree of magnetization. 

Magnetizing Force: Line of Foire, Maxwell: Tiie magnetic 
force radiating from a unit is»le of one dyin* at tlie distance 
of 1 (x*ntinietre through (*very centimetre s<juare (»l a spherical 
surface enclosing the unit pole The surfact* of sucli a sphere 
of 1 TOntimeirc radius being 4ff=-12.5(Mi4 cm.*, this number 
of lines of force* th(*r(‘for(* radiate from a unit ]fole. 

A7n})ere’tuTTi: One. .‘imp(‘re current making one tuni, or one 
half ampere current making two turns, etc. 

A solenoid of one square? centimetre hectionul area, with an 
exdting power of one ampere electric current density for each 
ceiitimetri* length of the solenoid (one ampere-tuni |K?r cm.), 
will have at its extremities magnetic poles of ^=0.1 unit 

strength, from which will radiate ^=1.257 MaxrveWs or lirm 
of force, in lur. 

If, for instance, pure soft iron bo substituted for the mr, 
then the lines of force may be multiplied from 3000 to 4000 
times for a moderate magnetization, according to some au- 
thoriti<?s. 

Work; Joule: The C.G.S. unit of work multiplied by 10’or 
10’©rgs = ^n kilogramme-metres“0.10193 kilogramme-metre, 
which is equivalent to 0.7372G foot-pound. 

Power: Wait, one voU-atnjTcre in one second or one joule tn one 
second: The power neccasaryto maintain one volt electromotive 
force in a conductor carr\'ing a current density of one ampere. 

One watt—10’ ergs per second=0.10193 klgm-metre* 0.73726 
ft-pound per seexmd = 6.11.58 klgm-inetres** 44.2456 ft-pounds 
per minute. 

Horse»powert Electric horse-power equal to 746 watts. 

The metric horse-power of 75 kilogramme-metres p€r second 
is equal tp 735.75 watts. 

One foot-pound per second = 1.356 watts. 

Obe kilogramme-metre per second is equal to 9.81 watts. 
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Multiples; ])<>nn)al niiiltipleK ol units arc e\]tros.s<>i] by 
ib'ka, ten tiiiu-s; lu'cto, lumdnMl times; kiln, one tliouhaiiU 
tinii's; mep:a, one million times. For inslanci-, kilowjitks, one 
tliuusami watts; ine}^ ohms, oim- million ohms. 

Parts OP Fractions: Dc'cinial t'raetiinis of units are expn'ssed 
by (leei, one tentli; eenti, one huti(lnMll.h; milli, one thousamltli; 
micro, one inilliontli mierolarad is one niilli< nth of a. farad. 

lib. Photometry or Moastiriiif; of the Intensity of 
Lltfllt.—HrlUsli I'nitt'lho Ihilish li/ilit unit is the intensity 
of lifflit from a. s|H'rnia<-(“(i eamlle I" in diana-ter burning 120 
Krains jier hour ((i <-andles to tlie pound) 

French I’nlt: 'Pin* lijiht of a I’lireid lamp from a flame 10 mm. 
hish burniii}; 12 ^ramiiH'S pun* eol/a « il per hour The liglit 
from a earei'l lamp used as unit is <‘i|uival(‘td to the li^ht of 
0 r> llrilish standard candles. 

(■erinaii linlt: The lijilit of a parallm candle 20 nmi. in 
diameter, ilie flame U-in«; .’i em. liish. 

TIu' lM‘C-Ciircel is e(|ui\alent to 7 0 (!<’iiiian candles. 

13. «E()L(KJir (T.ASSIFK’ATION OF ROCK 
STRATIFK’ATIONS, 

based on remains of foni;er li\in^^ orjjanisms bnind in them 

Uocks or mineral stratifications aie in consc(iuence con¬ 
sidered to l>e of the 

I. Azoic or Archsen Time, the lifole«.s age. 

II. Paleozoic <>r Primary Time* subdivided into t)ie 

1. t’ambrlan, or Crustacean. 

2. Silurian, ot Mollusk. 

3. Devonian, or FKIi. 

4. Carboniferous, or Coal Plant Age. 

III. Mesostoic or Secondary Time oi Reptilian Age. 

IV. Ceno7.ole or Tertiary Time or Mamallan Age. 

V. Post-tertiary or Quaternary or Human Era. 

MINERAL FORMATIGN.S AND ROCKS. 

I. Azoic. Granite, .syenite, Kneis«„lionililende, mica schist, 
ehloridic and talcose scliists, niaride, gr.spliite, etc. 

TI. Paleozoic, 1. Cambrian 1 Slates, grits, sandstones, con¬ 
glomerates, shales, quarts rock, schists. 

Za. lamer Silurian t Magnesian limestone, sandstone, slate. 
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limestone, shales, shaly sjindatonc, pebbly irrit. conglomerate, 
graywacke. 

2b. Upper Silurian i CongloineruttLs, shaly samisioiios, lime¬ 
stone, hard shiU’, gilts. 

3. Devonian: Sandstoiu'. eonglomorati*, gril, graywacke, 
lime.st'jne, shales, shaly or lhial\ iKsldetl limestone ami sand¬ 
stone 

Ores of iron, lead, tin, copiJcr; etc, petroleum in sandstone 
is found in Devonian rock. 

4* Carboniferous: bimestonc mnssive, oflen oolitic, some¬ 
times iloloniitic, often with nodules ol llinlv eliert; samlstones 
from very fine to pebldy; stratilieil shales with coal-seams 
underlaid with elay shales; eluy-iron stjiies in U-ds, layers, 
or noilular concretions. 

III. Mesozoic. !• Trlrtssloj Sandy clay, sandstone, shale, 
impure limestone, dolomite, marl. 

2. Jurassic 1 Ue|M>ated suecession of argillaceous, arenaceous, 
and calcareous layers, oolite 

3. Crotaccou.s: Samis, sandstones, elay bands, ealearoous 
strata passing into white chalk, liim-stone, pliosphatic nodules, 
chalky m.irl, argillaceous chalk, hituniimms limestones, car¬ 
bonaceous shales, and clay 

IV. Cenozolc. Eoeonc* Nuinmuliticlimestone,sandsUme, 
clay, marl, ealear(‘ous sandstones 

2. OllRoeene* Sand, clay, marl, and limestone, alternating in* 
thin beds, gypsum, silieious sandstone, conglomerate, lignite. 

3. MIocenei Breccia of shells and shell fragments, .sometimes 
mixed with sand or passing into a more compact calcareous 
mass and now and then into limestone, elay, sand, marl. 

4. Pliocenet Shelly sands and marls, shelly gravel and con¬ 
glomerate, peat beds, clay, limestone, soft sandstone 

V. Post-tertiary, j. PIcIslooenei Post-riiocene, or Dilu¬ 
vial; Ice Age rocks with smooth-grooved surfaces ground by ice. 

2. Recent or Uuiiian Periodf River alluvia sand, brick 
earth, rocks, and miucral laids containing implements made by 
man. 

13. 'EARTH, 

CiTCumference ot the Earth, -lO.tlOO kilometres. 

2,'>,000 miles, about. 

21,(K)0 nautical miles. 
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niamelpr at Equator, 12,752 5 kilomeiri’S" 702(> niiloa. 
DIamrtor at Pules, 12,731 1 kilometres—79125 inik s 
Part of rarlli's surface eo\ere(l l)y salt water or Oceanic 
HaNin^- i\ of the wh()le surface 

Continents or eoutineiiia! plateaus, dry laud—/i of tlie sur¬ 
face of earth 

The greatest Deptli of tlie Oeoan helow water-level reaches 
probably 50,000 ft 

Depth aeross th(' lelcKrapIile phitenu from Newfoundland 
to Ireland, from 10,000 to i:»,0(H» II 

Mean’depth of the Paelllr tlcean hetweeu Japan and San 
Francisco, us determined by Prolessor Hac])e in 1855, about 
13.000 ft 

Height of atniospherle air, 10 to 15 miles, 

HlKhesl lVI«Mintaln m(':isun>d; 

Mount Everest in tlie lllnialayas, 29,000 ft. Mean height 
of Europe, 070 ft ; Asia, 1150 ft ; North America, 748 ft. | 
South America, 1132 ft.; Africa, prohubly 1000 ft ; Australia, 
perhaps 600 ft. 


14. CONSTITUTION OF lUK'KS. 

Quarts, or Silica: One of tlie iiio.st alunidant and hardest 
minerals. Does not nadt liefore the blowpipe and does not 
dissolve in water 

Quartz crystalU7-e.s generallv hexagonal prisms with pyra¬ 
mid ends and in other crystalline systems Color, when pure, 
transparent, colorless. 

Silica ordinarily milky, reddisli, yellowisli, brownish, and 
rarely black. Fracture conchoidal witliout eleavnge 

Silica secreted hy animal species. 

Silica spicules by 8tx>nges. . Silieious sliells by microscopic 
.forms, polycystines, and by microscopic plants, diatoms. 

Chemically, silica is a combination of silicon and oxygen, . 
SijOj. Silicates are combinations of silica w’ith alumina, mag- 
nesiA, lime, pota-sh, soda, o.xids of iron and other oxids. 

Alumina, wdien pure and crystallizod as in sapphire and co¬ 
rundum,is the second luirdest substance It is infusible and 
insoluble in water. A rock-like variety is used as emern 

Magneata, infusible and insoluble, as hard as (juartz when 
crystallized. 
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Lime, potash, and soda and also oxid of iron, form fusible 
combinations with silica. 

Feldspar, double silicate of alumina and lime, of alumina 
and potash or of alumina and soda, (’/ommon feldspar, orortlio- 
clase, is mainly a doul)lo silicate of alumina and potash. 

Feldspar, named Albite, d(>iil)le silicate of alumina and soda. 
Labradorite, double silicate of alumina and lime. Fracture, 
cleavage structure in two directions with flat and shining 
surfaces Hardness about ecjual to quartz. Color; Albite, 
usually white; labradorite, often brownish; other kinds some- 
times flesh-red. 

Mica is also a double silicate of alumina and of potash, lime, 
magnesia, or oxld of iron, (leaves into very thin, tough leaves. 
Color transparent, some milky, brownish, and black. 

Hornblende and Pyroxene, a combination of silica, magnesia, 
lime, and protoxid of iron. Hornblende often occurs in slender 
needle-shaped crystals called asbestos when fibrous. C5olor 
dark green, greenisli black, and black, sometimes gray and 
white. Cleavable. Hardness similar to feldspar, fusibility 
gmater. Specific gravity = 3 to 3.5. 

Garnet, in crystals, dodecahedrons or trapezohedrous, dis¬ 
seminated in rocks. 

Tourmaline, in prismatic crystals of 3, 6, 9, or 12 surfaces, 
generally imbedded in gneiss and mica schists, sometimes in 
quartz. 

Talc and Serpentinei Silica, magnesia, and water. 

Talc, Soapstone, or Steatite 1 Very soft, (kilor pale green. 

Serpentinei Harder than talc; can be canned witli a knife. 
Color dark green, texture fine-grained. 

Carbon in its pure state and crystallized is the diamond, the 
hardest known substance. 

Graphite, or Black I^adi Soft and friable. 

Charcoal is cariion combined with a small portion of ashes of, 
various composition, according to the organic source from which 
it is derived. 

Bitumlnons Coals are combinations of carbon, hydrogen, and 
some oxygen with more or less silica, alumina, lime, iron, sul¬ 
phur, and other substances constituting the ashes of a gr^t 
variety of compositions left after combustion. 

. Anthracite Coals are carbon combined with a variety of sub^ 
stances left after combustion as ashes. 
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Carbon in burning combines with oxygen, forming, when 
the combustion is complete, carbonic acid or dioxid of carbon, 
Ct\ 

Carbonate of IJmc, or Calotte, is a combination of lime and 
carbonic acid. It crystidlizes in various forms, especially as a 
rhombohedron. Cleaves in three directions with shining surfaces. 
Hardness: can l)c scratcliwl witli a knife. It is decomposed by 
acids, especiall)' liydrocldoricand sulphuric, with lilieration of car¬ 
bonic acid. It i.s also decomposed by heat (liright-red or white) 
in a kiln or by a blowpiite, and is thereby converted into caustic 
lime or’quicklime. 

Uolomite, or Magnesian Liinestone, is a double carbonate of 
lime and magnesia. It is decomposed by acids when heated. 


15. BEAUME’S HYDROMETER. 

Degrees of liquids heavier and lighter th.an water and corie- 
.sponding specific gravities at 0“ C 
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I 206 

0 901 

52 

1 520 

0.777 

1 

1.007 


27 

1.216 

0 896 

63 

1 535 

0.773 

2 

1.013 


28 

1 226 

0 890 

54 

1.551 

0.768 

3 

1 820 


29 

1 m 

0.885 

56 

1.667 

0 764 

4 

1.027 


30 

1.246 

0 880 

56 

1.583 

0.760 

5 

1.034 


31 

1.2.^! 

0.874 

57 

1.600 

0.757. 

6 

1 041 


32 

1.267 

0 869 

58 

1.617 

0.753 

7 

1.048 


33 

1.277 

0 864 

59 

1.634 

0.749 

8 

1.056 


34 

1.2'S8 
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60 

1.652 

0.746 

9 

1 063 


35 

1.299 

0.854 

61 
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10 
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36 
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62 
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63 
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38 
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65 
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66 
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•1.109 
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i 41 
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67 
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42 
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0.820 

68 
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17 
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1 43 

1.39.5 

0.816 

69 

1.831 


18 

1.134 
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, 44 

1 407 

0.811 

70 

1.854 


19 . 

1.143 

0.942 

45 

1.421 

0 807 

71 

1.877 


20 

1 152 

0 936 

46 

1 434 

0 802 

72 

1.900 


21 

1.160 

0 930 

47 

1.448 

0 J98 

73 

1.924 


22 

1.169 

0 924 

' 48 

1.462 

0,794 

74 

1.949 


23 - 

1*178 

0 918 

49 

1 476 

0 789 

75 

1.974 


24 

1.188 

0 913 

50 

1.490 

0 785 

76 

2-OOp 


25 

1.197 

0 907 

61 

1.505 

0 781 

1 



If for 0* “0® Twaddetl the sheciSc gravity*. 1000, then apeei&i 

Igavity for ** Twaddell—1000 + 6*. 
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^Beryiium—Glucinium. ^ Cblumbium^*Niobium. ^ Didymium is now split into Neodymium and Praseodymium. 
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1# 

^ 3 ® S S 

'9' Ti* *0 e> 

Isfl^ 

212 

934 

95.6 

1100 

H4.5 

228 

415 

Specific 

Grav¬ 

ity 

4.788 

10.5 

0 974 
2 5 

2 03 

6.11 

11.8 

7.3 

18 

18.6 

7.1 

Electro¬ 
chemical 
Ekjuivalent 
Deposited 
by One 
Coulomb 

milligrams 

1.118129 

0.2388.57 

0.453.309 

0.166070 

10.6116991 
0.303849f 

0.6353521 
0.317676f 

0.338635 

"e 

1 

s 

Salts 

Haloids 

Haloids 

Sulpbids 

Stannous salts 
Stannic salts 

O.xids 

Tungstates 

Salts 

Atomic Weights 

Hydrogen 
= 1 

101 35 
149 62 
43.89 

78 80 

28 33 
107 65 

23 

87 38 

31 98 

182 13 
124 69 
1.59 6 

203 67 
232 

170 27 
118.70 \ 

47 88 

183 54 { 
238 9 

51.26 

172 57 
38.88 
65.14 
90.38 

a 

Is 

<S' 

101.6S 
150.26 
44.12 
79.02 
28.40 
107.93 

23 04 
87.61 

32 06 
182 8 

125 

160 

204.18 
232 63 
170.7 

119.05 

48.15 

184 

239.6 

51.4 

128 

173.2 

89.1 

65.4 

90.4 

Valency 

ft 5 J «« « Tf? 

w « cJi M *0 

I 

6 





Kuthenium. 

Samarium. 

Scandium. 

Selenium.. 

Silicon. % ........ 

Silver. 

Sodium. .. 

Strontium. 

Sulphur.. 

Tantalum. 

Tellurium. 

Terbium. 

Thallium. 

Thorium. . . » ... 

Thulium. 

Tin. 

Utanium. 
Tungsten. ....... 

Uranium. .. 

Vanadium. 

Xenon. 

YtteAiium.. 

Yttrium. 

Zinc. 

Zirconium. ‘. 
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Supposed elements not included: Radium, holmium, polo* 
nium, actinium, victorium, lucium, russium, disprosium, and 
europium. 

Explanation: The symbols in chemical formulas and in 
chemical equations designate not Oiily the substance but also 
the weight of the substance entering into the compounds repre¬ 
sented by the fonmilas. This weiglit is tlic atomic weiglit. 
The numbers in the columns of h>drogen = l ])ave been gen¬ 
erally employed; but recently it has been projx)scd to use 
tlie numbers in tlie column oxygen— 10 , in which cane, from 
the ino.'st recent determinations, tlie atomic weight of liydro- 
gen“ 1.00275. However, according to tables published by E. 
W. Morley in 1895, lor 0=10, H = 1 0070. 

A small number at the right-hand lower or upper part of 
a symbol means that the atomic w'eiglit of the substance should 
be multiplied by that numlicr. For in.stance, AI 2 O 3 means 
2X27=54 parts of aluminhim are combined with 3X16=48 
parts of oxygen to form alumina. 

17. ^Weights in Vacuum. 

CoefHcionts. 

For redudng the weight of substances of various specific 
gravities, weighed in air wit h brass weights, to their equivalent 
weight in vacuum. 


0, specific gravity; C, coeCBcient. 


G 



1 


1.6 

1.8 

2 

3 

4 

5 

6 

C 





0.61 

0.52 

0.46 

0 26 

016 

1 

0.10 

0.06 

^ 1 

M 

M 

8.6 1 


H 

11 

12 ' 

1 M 

! 16 

18 

20 

,c 



m 


Bi 

-0.035 




-0.08 

-0.09 


C, the coefficient found in the table, is to l»e multiplied with 
fife weight in grammes; the product gives the number of 
milligrammes to be,added to or to be deducted from the weight 
in air of the substance. 
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18. Table of Assay Tons. 

In Grammes, Troy Ounces, and Troy Grains, 

An assay ton contains as many milligrammes as them are 
Troy ounces in a ton of 2000 pounds adp. 


As^!ly 

Tons 

1 

(jms. 

Troy 

GiauiH 

Troy 

Ounce!) 

Assay 

Tons 

Gffks. 

Troy 

Grains 

Troy 

Ounces 

1 

29 Ui(>7 

450 11020.9377 

1.5 

43.7500 

676 1653 

1.4065 

2 

58.3333 

yji) 22J-I 

i.8754 

2 5 

72 9167 112.5.2755 

2 3442 

3 

87 600 

1350.3300 

2.8131 

3 5 

102 08:13 1575 3857 

3.3819 

4 

110 6G07 

ISO!) 4408 

3.7508 

4 5 

131 2500 21)25.4958 

4 2190 

5 

1 \r> 8333 

2250 .551 

4.0885 

5 5 

100 4100 2475 0061 

5 1573 

0 

175 000 

2700 0012 

.5 0202 

6 5 

189,.58.33 2925 7163 

6 09.50 

7 

2)i 1007 

3150.7714 

0..5009, 

7.5 

218.7500 .3:175.8265 

7.o:i27 

8 

233 3333 

3000 8810 

7.5016' 

8 5 

217.8167.3823 9.367 

7 9704 

9 

202 .500 

40,50 9918 8 . 4393 : 

0 5 

277 08.33 4270 0408 

8 9081 

10 

291 0607 

4501 102 

9 3771' 

1 

10 5 

306 2500 4720.1,571 

1 

9.8459 


19. ANALYTICAL COLOR INDICATORS. 

Litmus Solution, Litmus-paper. Digest in 6 parts water, 
1 part litmus; filter. To one half of the solution add nitric 
acid until color turns reddish; niiv with the second half; add 
1 part alcoliol. 

Normally blur, turns red by a drop of very weak acid solution, 
which a trace of base r(‘slore.s to blue. Ileliable with alkaline 
sulphates, nitrates, cfilorids, scxliiim sulpliid, sodium silicate, 
and free oxalic acid. 

Neutral with sfxlium tliiosiilpliate and potassium nitrite. 

Cochineal Solution, Cochineal Paper. Digest in 15 c.c. 
alcohol and 100 c.c. water. 1.5 grammes pulverized cochineal, 
stir, and after a few days filter. 

Normally orange in an acid solution, turns purplish red by 
the addition of a saturating drop of weak solution of a base; 
by an added drop of acid, solution returns to ruby red, chang¬ 
ing gradually to orange. 

Methyl Orange. Dis-solve 1 gnu. in l litre of water. To 
100 c.c of solution to lie titrated are added 4 or 5 drops of the 
methyl-orange solution. 

Pale <iemon-yellow m alkaline solutions changes to pink by 
the addition of mineral acids. 

Reliable with alkaline phosphates, sodium silicate, soda .in 
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borax. Neutral with sodium thiosulphate. Inadmissible with 
potvdum nitrite, free oxalic, acetic, tartaric, citric, carbonic 
acids, and lime-juice. 

Phenolphthaleinc, One gramme of the yellowsh- 

whitc crystalline powder is dissolved in 100 c.c. of 50-p(.r cent 
alcohol. 

Normally colorIc.ss, remains colorlses in acid solutions By 
the addition of a solution of a )>a>c, a point is readied when 
the mixture turns suddenly red. 

Relialde with potassic and sodic sulphates, nitrates and 
chloridsi sodium alummate, free oxalic, acetic, tartaric, dtric 
adds, and lime-juice. 

Neutral with sodium thiosulphate, potassium nitrite. 

Inadmissible with ammonia, ammonia salts, and soda in 
borax. 

Phenacetolinc. Boil for several hours phenol, acetic anhy¬ 
dride, and sulphuric acid in molecular proportions, wash with 
water, and dry. Dissolve 2 parts in 1000 parts 50-per cent 
alcohol. 

Normally faint yellow when in excess with alkaline solu¬ 
tions; of a dark-pink color when saturated with acid. Bclialde 
with alkaline sulphates, nitrates, phospliatcs, elilorids, and 
sodium aluminatc. Neutral with sodium thiosulphate and 
potassium nitrites. Inadmissible witli free oxalic, acetic, tar¬ 
taric, citric acids, and lime-juice. 

Con^O Red. Dissolve 1 grm. in 100 gmis. of 30-per cent 
alcohol. Add 10 drops to the liquid to he titrated. 

Normally red, remains unalU^red in neutral and basic solu¬ 
tions of salts. Free-acid solutions color it blue. Neutral with 
acid salts and organic acids. Inadmissible with alkaline sul¬ 
phates, sulphites, nitrates, and chlorids. 

30. REAGENTS. 

Wet analysis (Wt.), dry assay (Dy.), and blowpipe 
analysis (Bt.). 

Carbonate of Soda, NajCOslOfUjO). Loses lO(HjO) at 
100° C., is used in Wt, Dy , Bl. 

Bicarbonate of Soda, NaHCOj, Wt, Dy , Bl The* sulphur 
in both can be detected by niixing 2 parts of sodium car¬ 
bonate with 1 part of borax and fusing the mixture on char* 
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c(ial in the rcducing-flamo of a lilowpipe. Tlie powdered 
mass when cool is moistened on a bright, surface of siher foil 
or of a silver coin. A Idack spot is produced when sulphur 
is present. 

Carbonate of Potash, K/'<h, Wt., Dy. Jk*ing very deliques¬ 
cent, it sltould l>e kept powdered in a glass-stop{)cred bottle 
for dry assay. 

Potassic Nltruto, Saltpetre, Nitre, K.N'Os, M't., Dy. Should 
be kept dry in a linely powdered stale. It is used as a fiux 
and as oxidizing agent in dry assay. 

Borate of Suda, Borax, Na„<>2{Iin,().i) + 10(H2^^)» 

The commercial article is inirified l)v crystallization. Cal- 
dne and vitrify tlio dritsl crystal, ami presenc as a coaree 
powder. 

Borof'lc acid, lloj()., + 3{lh.t)), 1)>. Looses 2(H/>) at 100° C., 
and the remaining IL() at a red lieat. 

Bitartrato of Potash, Cream of Ttirtar, Hydropotassic Tar¬ 
trate, Argul (crude), (',lI/)gKIiO, Dy Black Flux is the 
residual after calcination, and is an intimaU; mixture of car¬ 
bon and carbonate of potash; it is to be kept in a powdered 
state and dry. 

Black Flux Substitute, Dy.: Mix 10 parts bicarbonate of 
soda with 3 parts of flour and calcine. 

Wood Charcoal, C., Dy.: Is used powdered as a redudng 
and as a desulphurizing agent. 

Salt of Phosphorus, Double Phosphate of Soda and Ammonia, 
Microcosmic Salt, NaNHjPOgHgC), Bl. Dissolve in 100 parts 
of hot distilled water, 32 parts phosphate of soda, and 16 parts 
salammoniac. Filter hot, dry tlie crystals which form on 
cooling, and keep as coarse powder. The glass formed, in 
the blowpipe flame should be transparent and remain so on 
cooling. 

Nitrate of Cobalt, N2roO|2(H/)), Bl. Dissolve protoxid of' 
cobalt in dilute nitric acid, evaporate. The red crystals so 
obtained dissolve in 10 parts of distilled water and keep in 
ground-glass stoppered bottles. 

Oxalate of Cobalt, ChO, C,H,Og, Bl, ITsed M a powder, 
as a substitute for nitrate. 

Carboitate of Ammonia, 4(KH3)3(C02)+2Hj0, Wt., Dy. 
Used in the shape of a fine powder for desulphuriang roasting 
ore. 
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Potassic OyanMi Cyantd of Potassium, KNr=KCy, Wt., Dy. 
Used granulated or pulverized, slionld be kept dry. Desul¬ 
phurizing and reducing agent Is very poisonous. 

Ferrocyanld of Potassium t Yellow Prusslatc of Potash, 
reK,(V, + HjO, Wl. Keep in solution 1 part in 12 parts dis¬ 
tilled water. 

Richromate of Potash; Potassle Dlehromate, K.,rr,0„ Wt. 
Dissolved in distilled water f(,r delemiination of earixm in iron 

lodid of Pota.ssliim, KI, VVt Kiiipkned solid or as a dis¬ 
solution of 1 part in 10 parts of di.stilled water 

Sulphoc'yanid of Potassium, KSKUy, Wt. l)i.s.solution of 
1 part in 10 |)arts of di.stille(l w.ater. 

PermanKan.atc of Potash, KMnf)„ Wt Dissolve 0 39.52 
g'atnnie in 1 litre of distilled water. One centimetre cube 
of tliis .solution contains 0 1 niilligramnie of available oxygen 

Caustic Potash; Potassle Hydrate, Kilt), Wt Solution of 
1 part in 10 parts distilled w'aler, for iron iUid steel 300 guns, 
in 1 litre of water for CO^ 

Hyposulphite of Soda; Sodium Thiosulphate, Na^SjOj + .5(11,0), 
Wt Melts at .50“ C., loses its crystallization water at 100° C 
Decinormal solution consists of 24 8 grnis. in 1 litre of dis¬ 
tilled water 

Sulphate of Iron; Green Titrlol; Copperas, FeSO, + 7(H,0), Wt. 
Use di.ssolved in distilled water. At 100° C. it loses ? of its 
crystallization water. 

Chlorld of Barium; Muriate of Baryta, naClj+2(ri,0), Wt. 
Dissolve 1 part in 10 parts of distilled water If 10 c c of 
this solution arc poured in a solution of a sulphate salt, 1 16 
grammes of barium sulphate, UaSO,, are pr(!eipitated, con¬ 
taining 0.4 gnu. of sulphuric acid, SO 3 , or O.IG gnn. sul¬ 
phur, S. ' 

Merruric Chlorld: Corrosive Sublimate, Hgflj, Wt Dissolve 
l*part In 10 parts of dtstllled water; dilute as re()uircd. 

Stannous Chlorld; Protochlorld of Tin, Sn(‘l,+2(Ii,0), Wt. 
Dissolved in distilled water it reduces peroxids to protoxide 
and sometimes to the metallic state when they are combined 
with acids. • 

Citrate of Ammonia, Wt : To be dissolved in dis¬ 
tilled water • 

Chlorld of Sodium; Common Salt, NaO, W't.: For silver 
deteimination dissolve 5.417 grammes, chemically pure, in^ 
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litre of distilled water (Gay-Lussac). One cubic centimetre of 
this soliitioii will precipitate one centigramme of silver from its 
solutions. 

From a solution of 58.5 grainmc.s of sodium clilorid, chem¬ 
ically port', in 1 litre of distilled water, 1 e.c, will precipitate 
from a silver .solution 108 nulligramme-s of silver, called one 
milligramiiie equivalent of silver 

Nitrate of Silver, NAgDj, W't.: From a solution of 4.8022 
grms eh. p in 1 litre of di.stilled ivater. Ice precipitates silver 
clilorid, from a siKlic-chlorid solution, containing! luilligramme 
ol ehlorin 

Pernicld o( Manganese; Manganese DIoald; Black Oald of 
Manganese, MnO.^; One litre of ehlorin ga.s will be produced 
at O^C. and 0 7tK) barometric pressure by ,8.98 grammes' of 
pure peroxid and 25 to .80 e.c. of pure liquid hydrochloric acid. 

Litharge; Yellow Oxld of Lead; Plnmble Monoxld, PbO, Dy.; 
Fu.sc, pour in a cold mold, pulverize,and keep in awell stoppered 
bottle from contact with air. 

SIlIra; Slllele Arid; Silicic Dioxld, SiOj, Dy: Precipitated 
silica to be used as a flux. 

Sulpburie Arid; ,SHjO„ W't., Bl.: At maximum concen¬ 
tration the acid boils at 325° C'.=G17° F. It congeals at 
—3.5°C'=—31° 1’. At a temperature of 1.5°C. = 59° F. its 
density i.s 00° BaumO, or 1.S48 Sfiecific gravity. 

Nonnul solution 00 gmis. in 10.50 c.c. of distilled water. 

Hydrochloric Acid; Morlatlc Acid: As a gas CIH, liquid 
or dissolved in water CIH-I-3(H.,0), W't., Bl: Gaseous at 
ordinary temperature and pressure. The saturated solution 
in water contains 0 75 acid for 1 part of water by weight. 
Specific gravity of the solution, 1.21. 

Nitric Acid, N HOs, W't, Bl.: The specific gravity at max¬ 
imum concentration is 1.51, boiling-point 80° C. = 186.8° F., 
congelation-point — 55° C.=-07° F. 

A hydrated acid of the formula NjOtlfH^O) boils at 123° C - 
252.4° F 

Agua-regla, Wt., Bl: This is a mixture of concentrated 
nitnc and hydrochlorio .acids in various proportions. 

The mixture in proportion to atomic weights Consists of 
7 partsanitric acid to 10 parts by weight of hydrochloric add. 

A mixture often employed is 1 part nitric and 4 parts hydro¬ 
chloric add. 
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A test acid for gold on touchstones consists of a mixture of 
nitric acid, sp. gr. 1.3-4, 98 ports, and liydrocliloric acid, sp. gr. 
1.173, 2 parts. 

Molybdic Acid, \Vt Various inoh hdatc solutions 

1 In -417 cc. of ammonia sp gr 0 90 dissolve 100 gmis 
molybdic acid. Pour tins solution slowly in 12o0 c c of nitric 
add sp gr. exactly 1.20 Keep in a warm place for .several 
days, decant from sediment and preserve lor use 

2 In a mixture of 02 ce distdlc'd water and 333 cc 
ammonia of 0 95 sp. gr dissolxe 123 gnns of crystallized 
molybdate ot ammonia, and under slirring add 1250 ce nitric 
a.ci(l of 1.2 sp. gr. After several days syj^hon tlie clcvir Injiiid 
off for use. 

Magnesium Chlorld, Mgf’lj+OlIjO, : For tlie prepara¬ 
tion of the magnesia mixture', dissolve 110 gnus of crystalliz-ed 
magnesium clilorid in distilled water, or dissolve magnesia, 
MgO, recently ignited in dilute hydrocliloric acid When 
dissolved add magnesia, Mg(), slightly in exeess; boil, filter, 
then add 28 gmis. ammonium clilorid dissolved in 700 c.c 
of ammonia, sp. gr. 0.90, and liually dilute with distilled water 
to 2 litres. 

Cuprous Chlorld, Cu(1, Wt.: (>f scant solubility in water, 
it is used as an al)sorl)ent of carbon monoxid, ('O. 

PyrogaHlc Acid, CeH^Os, Wt : Is used as an absorbent of 
free oxygen. 


31. NORMAL SOLUTIONS 

In Distilled Water for Volumetric Analysts. 

1 c.c. of any acid oeutralisea 1 c.c. uf any alkuh solution. 

Number of Grma. of Acids in 'Number of (Irma, of Alkalies in 100 c.c of 
100 c.c. of Normal Solution | Nurnml Solution 


'H 9 SO 4 , Sulphuric... . 4 900 NIJ 3 , Anhyd^ou^ ammonia . . . 1.700 

HNO 3 , Nitric. . .. 6 300 NH 4 OH, Ammonia hydrate. 3.500 

HCl, Hydrochloric. . 3 640 NH 4 H(' 03 .NI] 4 NH:>< U?. 5 233, 

HI, Hydriodic. . .. 12 700 KOIl. PotaK'-ium hydiale. 6 000 

HBr, Hydrobroinic. . 8.080 KaCOa, Poia^Muin taibonate. .. . 0 900 

HCHO^, Formic. 4 600' KH(’() 3 , Potassium carbonate . . 10 000 

HCjHsOj, Acetic . 6 000 NaOlI, Sodium hydrate. ... 4 000 

H 2 C 204 + 2 ft 2 (), Oxalic 0 300 NajC(> 3 ,Soc)iunir«arbonate . 5 300 

H}C 4 H 46 (i, Tartaric. 7.500 Na/'Os-fJOHnO, Sodium carbonate 14 300 

HaCnHiOi + HoO,Citric 7.000 NajHCOg, Sixlium carbonate. .. . 8 400 

Lactic. . . 9 000' ('atOlI);, Calcium hydrate .#.3 700 

■HCtHsOa, Salicylic. .. 13.800 CaCOs, Calcium carbonate. 5 000 

H^flj 02 ,Beo*oic ... 12.200 Ba(()H) 2 , Barium hydrate.8.534 
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33. PBELMINABT HEAT TESTS OF MINERALS. 

For a.scertaiiiing tlie presence of tlie hereafter indicated sub- 
stano^s in a mineral compound, by means of an ordinary or 
of a blowpiiK' flame. 

reducing, 0=oxidizitig flame. 

Ammoniai Mix any ammonia salt with earlmnate of soda; 
heat in a glass tube closed at one end. A sublimate of car¬ 
bonate of ammonia will l)e formed in the cold part of the glass 
tube; the ammonia vapor may be recognized by t'he odor, 
or by the formation of while vapor around a glass rod dip|)ed 
in dilute hydrochloric acid, held over the mouth of the gla-ss 
tube 

Nitric Acid: Nitr.ates deflagrate when heated on charcoal 
Heated in a gl.aas tube closed at one end they emit red fumes 
of nitrous acid. If in small proportions mix the nitr.ate with 
bisulphate of potash before heating in the tube. 

Sulphur and Sulphuric Add: Sulphids heated in the 0-flarae 
emit sulphurous vapors of the well-known odor. Heated in 
the clo8(*d end of a glass tube, a yellow sublimate of sulphur 
forms in the cold part of the tulie. 

The powdered substance mixed with two parts soda and 
one part borax heated on charcoal in the R-flame, fonns a 
mass, a little of which moistened on a bright silver surface 
of a coin produces a black spot if sulphur or sulphuric acid 
was present in the mineral. 

Chlorint In salt of phosphorus on a platinum wire dissolve 
oxid of copper in the 0-flame, add powdered mineral, expose 
to flame If the .assay is enveloped by a blue or purple flame, 
then chlorin is present. 

If the mineral is soluble, add a drop of the .solution to a few 
drops of copper or iron stdphate solution on a bright rilvet 
surface A black spot on the silver indicates the presence 
of chlorin in the mineral. 

Bromlni With the same treatment indicated for chlorin, 
bromin will impart to the flame a greenish coloration. 

lodlni Free iodin imparts to a solution of starch-paste a 
blue eolsr. 

Fluorlni To the pulverized mineral in a glass tube add suffi¬ 
cient sulphuric acid to moisten it and submit to a gentle heat, 
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when hydrofluoric acid will be evolved, which will corrode the 
glass of the tube. 

Phosphoric Acldi A small piece of the mineral held in plati¬ 
num tong.s and dipped in sulphuric acid wheii heatetl at the 
point of the blue flame ^^ill impart to the outer flame a greeuish- 
blue color. 


23. BF^OWPIPE ANALYSIS, 

AITAIUTT S. 

1. One blowpipe. 2. One oil-lamp, candle, or gas-burner. 
3. One piece of charcoal of light wood, having plane, smooth 
surfaces. 4. Several pieces of horse-hair platinum wires with 
loops. 5, One platinum foiL 0. One aluminum foil U"X5". 

7. A uuml>er of hard glass tubes free of lead, 5" to 8'' long, I to 
^ inch bore, some closed at one end, others ojwn at l)oth ends. 

8. One pair of forceps with platinum points. 9. One mortar 
with pestle, both of agate or of hard-burned clay, small size. 
10. One hummer of steel, hardened and polished. 11. One 
anvil of steel, hardened and polished, small size. 12. One 
magnet. 13. One magnifying glass. 14. An assortment of 
small watch-glasses. 15. One three-cornered saw-file. 


23a. TABLES OF PHYSICAL AND CHEMICAL CHAR¬ 
ACTERISTICS. 

Preliminary Remarks on the Construction and Vse of the 
Characteristic and Mlneraloglcal Tables. 

The following tables have been compiled for the purpose of 
enabling any amateur, capable of deteniiining specific gravi¬ 
ties and familiar with the use of the blowpipe, to determine 
approximately the constituent parts of any mineral which 
may Oome under his observation. 

The crystallographic part, which in, itself forms a science, 
is indicated only by the crystalline system to which any par¬ 
ticular crystal may belong. ^ 

The classification in the Tables of Mineral Characteristics 
has been established approxinuitely in accordance with the 
order of importance or usefulness' of the metal or metalloid ^ 
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which forms the principal or predominant constituent of the 
mineral. 

The reference numbers in the first column of tlie Table of 
Mineral Characteristics are repeated on the second page of 
the Tables, this second page being a continuation of the first 
page. The same reioronce numl)ers witli the chemical sj'rabols 
of the classified metal or metalloid will be found opposite tlie 
names in f he **41pbabctlcal List of Minerals.” 

The headings of tlie different columns in the “Tables of 
Mineral Characteristics” correspond nitli tlie titles of the 
different Tables of Physical and Chemical Characteristics, com¬ 
prising the Tables of Physical Projierties fnmi 24a to 241 and 
the tables indicating chemical teste from 25 to 28. Each 
table contaias, oppo.«iitc reference luirnbors or reference letters, 
words, or sentences, designating any sjx-cific pliysical or chemical 
cliaracteristic of minerals, wluch ha\e lieen examined and sul)- 
jected to treatment wifli the various chemical agents indi¬ 
cated. Tlie same reference numbers or reference letters m 
the various columns of the tabU^s of “Mineral characteristics” 
should tlierefore be translated m tlie words or sentences wliich 
they represent. 

A mineral sample may consist of a mixture of several min- 
eralogical specimens, in which case the different parts should 
be separated mechanically and c.ach specimen should be ex¬ 
amined and treated separately The ob.sen’od physical And 
chemical characteristics of the mineral specimen under exam¬ 
ination should be recorded on a sheet of blank paper, lined 
Into columns similar to the columns of the Tables of “ Mineral 
Characteristics,” and provided with the same headings and 
in the same order The recording should be done by means 
of the reference numbers or letters corresponding with the 
statements of similar or closely analogous characteristics in 
the explanatory tables The resulting record being then com¬ 
pared with that contained in the Tables of “Mineral Char¬ 
acteristics,” will at once show the class and probably, indi¬ 
cate the particular name of the mineral examined, if the latter 
belongs to the more corhmon, but at the same time mpm impor¬ 
tant kinds of minerals. For rarer minerals and for minerals 
requiring a minute distinction of their crj'stalline forms, refer¬ 
ence should be had to some good treatise on mineralogy. 
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84. TABLES OF PHYSICAL PKOPERTIES OF MIN¬ 
ERALS. 

Note: All reference numbers or letfers in the folluwiiif; tallies 
are used in the Tjil)le.s “ Mineral Charartprlslics,” in the columns 
headed by the title of oacli of the e.K|>l;iniil.ory tables as repre¬ 
sentatives of tlie qualifying word or sentence following the 
reference number or letter: 


84a.' Condition and Structure. 



Malleable 


Masaive 

8 

Fibrous 

Ift 


6 

Ductile 

2 

Amorphous 


separable 

1(> 


c 

Sectile 


I.<aroellar 

0 

llailiated 

17 


d 

B'lexible 

4 

Foliated 

lU 

K,aithy 

IS 


e 

Elastic 

b 

Micaceous 

11 

Slellulc 

19 

Aoiculur 

t 

Brittle 

6 

Columnar 

12 

Concent lie 

20 


a 

Tough 

7 

Fibrous 

r.i 

.Mumillaiy 

21 


1 

Liquid 


compact 

14 

Botryoidal 




34b. Hardness. 


1 is the softest ami 10 the hardest mineral. 

(A sharp edge or corner of a mineral with a higher numlicr will scratch 
the minerals of the lower numbers.) 


1 ' 

Talc, Kaolin, Graphite 

0 

Orthocliise, Opal 

2 

Gypsum, Sulphur, Brucite 

7 

1 Quartz, Tourmaline 

3 

Calcite 

8 

Tojmz, Spinel 

4 

Fluorite 

9 

Coruniluin, Jtuby 

5 

Apatite 

10 

Diamond 


34c. Specific Gravity. 

Solids and Liquids, ('all the specific gravity of a substance 
heavier than water G. 

Its weight in air=-Tr. Its weight in watcr=u>. Then the 
weight of the same volume of water as the substance examined 
is W^w amd the specific gravity is 


Substance lighter than water, call its specific gravity i^. 

Its weight in ai^=Tl^. The weight in wab^r of a substance 
heavier than water* u>. The weight in water of the liglit and 
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heavy substances attached together=«),. Then the weight 
in water of the lighter substance “lOj-tc, and 

_ TTi Wj 


liquids.—Weight in water of a solid substance header than 
water=w. Weight of the same substance in the liquid to 
be examined=w„. Weiglit of the solid in air=ir. Weight 
of water displaced by the solid = W —w. Weight of liquid dis¬ 
placed by the same eolid=W—Wii. 

Then the specific gravity of the liquid 


Sid. Crystalline Systems. 

Normal Crystal Forms and their Limiting Surfaces. 

1. Isometric, Monometric or Tesseral System. 

Three axes of equal length perpendicular to each other. 
Three equal perpendicular planes of symmetry. Six equal 
diagonal planes of symmetry. 

Gabo I 6 equal squares. 

Octahedron i $ equal equilateral triangles. 

Dodecahedron I 12 equal rhombs 

Tetrabexahedron: On each of the squares of a cube is a 
pyramid of 4 equal isosccic triangles, in oil 24 equal isoscele 
triangles 

Trlgonal-trlsoctahedron) On each of the 8 equilateral tri¬ 
angles of the octahedron is a triangular pyramid formed by 3 
equal isoscele triangles in all 24 equal isoscele triangles. 

Tetragonal-trisoctabedron, or Trapexohedron i Each of the 
8 equilateral triangles of the octahedron is replaced by 3 .equal 
trapeziums, in all 24 equal trapeziums. 

Hcxoctahedroni Each of the 8 equilateral triangles of the 
octahedron is replaced by 6 equal scalene triangles, in all 48 
equal scalene triangles 

Tetrahedron! 4 equal equilateral triangles. 

Pyritohednmi 12 irregular pentagons. 
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II, Tetragonal or Dlmetrlc System, 

Three axes perpendicular to each other, two of which are of 
equal length, the third being longer or shorter. One pair of equal 
planes of symmetry nonnal to the faces, one pair of equal planes 
of symmetry diagonal, and one plane perpendicular to the two. 

Square prism* 2 equal opposite squares and 4 equal adjacent 
rectangles. 

Double square pyramid: 8 equal isoscele triangles limiting 2 
equal pyramids with a common square base. 

Sphenoid: 4 equal isoscele triangles 

Octagonal prism: 2 octagonal bases the opposite sides 
being equal and part of the sides of a square; the adjacent 
ades unequal; 8 rectangles with equal opposite planes and 
unequal adjacent planes. 

Octagonal double pyramid, or Zirconold: IC isoscele triangu¬ 
lar surfaces, alternate surfaces around the octagonal base being 
equal, adjacent surfaces unc(iual, tlie opposite equal sides of 
the base being parts of the sides of a square. 

III. Hexagonal System. 

Three axes of equal length in the same plane inclined 60° 
to each other, and one axis of more or less length, perpendicular 
through the point of intersection of tlie three axes. 

Three equal planes of symmetry normal and three equal 
planes of symmetry diagonal to the faces, intersecting in the 
vertical axis and one plane of symmetry perpendicular to tins 
axis 

Hexagonal prism: 2 equal regular hexagonal bases perpen¬ 
dicular to the vertical axis. 6 equal rectangles parallel to the 
vertical axis. 

Hexagonal double pyramid: 12 equal isoscele triangles c<m- 
stituting two pyramids with a common regular hexagonal base 

Twelve^ided prism: 2 12-sided bases, 6 alternate sides of 
which belong to the regular hexagon, the other 6 sid^ being 
diagonal, to the first. 12 rectangles perpendicular to the bases, 
opposite faces being equal, while adjacent faces may or ma- 
not be equal. * 

Twelve«8lded doable pyramid: 12 isoscele triangles forming 
two equal pyramids with a commqu base of 12 ades, 6 alternate 
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sides of which belong to a regular hexagon, the other 6 being 
diagonal to the first Opposite faces of each pyramid are equal, 
while adjacent faces may or may not be equal. 

IV. Bhombohedral System. 

This having the same axes and planes of symmetry as the 
hexagonal is only distinguisiied from the latter by the differ¬ 
ence of font!. 

Bhombohedron 1 0 equal rliombs, 

Scalrnohedron ; 12 ccpial scalene triangles forming .a solid 
somewiiat similar to a hexagonal double pyramid, with the 
edges formed by the I)ase-liiie zigzag instead of straight. 

V. Orthorhombic or Trlmetrlc System. 

Three unequal axes .at riglil angles to each other. Three 
planes of symmetry each different from tlie otlior. 

Rectangular prtsm i (1 rectangles of wtiich two opposite faces 
only are cipial. 

Rhombic prism i 2 equal rhombic bases and 4 equal rect¬ 
angles 

Rhombic double pyramid! 8 equal scalene triangles forming 
two ciiual pyramids with a rliomb for common base. The 
angles formed by similar edges in all the triangles are the 
same 

VI. Monocllnic, Monocllnate System. 

Three unequal axes, two of wliicli are at riglit angles to each 
other, the tliird lieing oblique to the plane of the first two. 

One plane of symmetry. 

Bight rhomboldal prism i Two equal parallelogram or 
rhomlioid bases and 4 rectangular surfaces, the two oppoate 
faces being equal and parallel. 

Obligne rhombic prism i 2 equal and parallel rhombic bases 
and 4 symmetrical rhomboids or parallelograms. 

VII. Trtcllnic or Trlcllnate System. 

Three unequal axes all oblique to each other. No plane of 
symmetry. Like surfaces are in pairs only on opposite sides of 
the crystal. 

Oblique rhomboldal prism i 6 rhomboids. Two opposite faces 
being equal and two adjacent faces unequal. 
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S4e. Color and Lustre. 


Ref. 

No. 

Color 'j 

lief. 

■ No 

Color 

Kef 

No. 

l.uatre 

0 

Variety of colors j 

I 13 

Light blue 

o 

Metallic 

1 

ColorlciW 


Blue 

h 

Adamantine, Bril 

2 

White 

15 

Dark blue 


hunt 

3 

l.ight gray i 

10 

Light l)iown 

( 

Vitreoua 

4 

j (jray 

17 

Blown 

(i ■ 

Hesinoua 

5 

1 Dark gray 

IS 

Dark brown 

e 

Pearly 


j Black 

19 

l.ighl green 

/ 

Silky 

7 

Light yellow 

20 

tireeti 


( )|)8lescerit 

8 

' \ ellpw 1 

21 

Daik'grreii 

h 

Iridescent 

9 

, Dark yellow 1 

22 1 

Light viok-t 

J 

Velvety 

10 

Light red 1 

! 23 

\ iolct 


Dull 

11 

lied 1 

1 31 

Dark violet 

k 

Karthy 

12 

Dark red ' 

2.'. 

N’arious Cohiii on 

1 

Banded 


! 


the aanic mineral 

m 

Spotted 


In the tables “30. Aliiioral CliarafUTlslIc.s” colors urc indi¬ 
cated by the reference iuiiuIkms in th(“ above talde24e, and lustres 
by the reference letters thereof 'I’lie different colors of a num¬ 
ber of specimens of the same niinoral are indicated by 0, a 
variety of colors. (;olorles.s, 1, is a substance assumed to be, 
when it is supposed that an ol'ject. with its unmodified colors, 
may be visible thmugh two parallel polished plane surfaces of 
the substance. 

Numbers separated by comma.s, as 8, 11, 17. indicate distinct 
colors* yellow', red, brown; while shaded colors, as 7.11, yellow¬ 
ish-red. or 13.2, bluish-white are represtmlod by numbers 
separated by a period, the shading color preceding the pre¬ 
dominant one. 


34f. Fracture. Optic, Magnetic, Electric Properties. 

Taste. Odor. Solubility of Mineral in Water. 



Fracture and Solu 
bility in Water 


Ta«te (><lor 


Odor Optic, Electric, 
Magnetic 

1 

Crvatalline 

1 

Cooling Si* ''altiieter 

13 

Fetid odor 

2 


2 

Saline as common «all 

M 

: Aromatic odor 

3 

Coarsely granular 

3 

A«>triiigont a.** alum 

15 

tlsmic odor 

4 

Fine granular 

4 

Alkaline as aoila • 

it 

Transparent 

Translucent 

5 

Fibroua 

5 

Bitter as Kpsom salt 

A 


0 

Sour as arid 

c 1 

Opaque 

7 


7 

Sweet as sugar 

n ! 

Double refractory 

8 


8 

Sulphurou.s odor 

rfl 

Electric by friction 

A 


9 

Argillaoeous odor 

e 

Electric by heat 

H 

Very soluble 

10 

Alliaceou'^i odor 

i 

Magnetic naturally 

V 


n 

Horse-radish odor 


Magnetic after oast- 

D 

Slightly soluble 

12 

Bituminous o<Jor 


ing 
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86. Acid Tests. 

Reduce the mineral to the size of fine grains. Try a few 
grains in a little strong acid in a small test-tuhe. If a strong 
effervescence lakes place, dilute the acid with water If no 
action is apparent, heat the acid gently and note the results. 

Explanation: hn n represent dilute and /i, .s, n, represent con- 
eentrateri hydrocliloric acid (/(), sulpliuric acid (.s), and nitric 
acid (n), all at ordinaiy tcmper(«t.ure or cold, 'ti's’n represent 
the same acids heated h' .s' n' to h‘ ,s* i,' indicate the emission 
of gas hy dissolution in the acids. (/i,s) (fin) (m) represent 
mixtures of the respective acids 

Example: The action on a suh.stance, easily soluble in cold 
dilute hydrochloric acid with emission of hydrogen, not soluble 
in sulphuric acid and only soluble in hot concentrated nitric 
acid emittitig nitrous acid gas, will be repre.sented by 
The action on a siibst.anco, insoluble in any of the acids singly 
or in any other medht iudic;ifed, but soluble in hot aqua regia, 
emitting chlorin, would l>e represented by 0 ‘{hn)*. 

0 Insoluble in any of the acids or media indicated, 
cold or hot. 

1 Soluble 111 pure water. 

2 Soluble in alcohol 

3 Soluble in sulphuric ether, all cold. 

IjSono No or very little action by any of the three acids 
singly, cold or hot. 
h .1 n l)i.s.sol\ es in cold dilute acid. 

•h's'n Dissolves in hot dilute acid. No emission 

lii», n, Dissolves in cold concentrated acid. of gas. 
h , Si Hi Di&soh cs in hot concentrated acid. 

(As)(/in)(sn) Dissolves in a mixture of acids. 
h's'n' Hydrogen, 11. 
h’ s“ n’ Carbonic acid, COii. 

ft* s’ n’ Sulphuretted hydrogen, HS. 

A* s'ft' Chlorin gas. Cl. Emitted by disso- 

Nitrogen jWox’id. NO. lution. 

h* s® n® Nitrous acid, NO? 

Sulphurous acid SO^. 

Hydrofluoric acid. HF. 
hi Sj n» Solutions gelatinize on cooling. 
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ft, s, n. Solutions precipitate metals on the introduction of 
other clean metal therein, as clean iron dipped in 
a copper solution is covered with copper; clean 
copper dipped in a silver solution will be silvered, 
ft, s, n, Introduced into a solution produces a precipitate 
therein. 

Idcntlfleatlon of gases.—Hydrogen burns in air and explodes 
mixed with air. Carbonic acid cxlinguishes a burning match. 
Chlorin is greenish-yellow in color and has a suffocating smell. 
Sulphuretted hydrogen smells similar to rotten eggs. Nitrogen 
peroxid revives a faint eml)cr on a match. Nitrous acid emits 
reddi.sh vapors. Sulphurous acid has the odor of burning sulphur. 
Hydrofluoric acid corrodes glass. 


36. Heat Tests. 

Candle, Lamp, or gas flame, 0.; blowpipe flame, B.; 

0., oxidizing flame; R., reducing flame. 

0. Bums when heated with a more or le.ss colored flame. 

1. Fuses easily in G. 

2. Melts in large fragments in G. 

3. Melts in fine particles in G. or in fragments in B. 

4. Melts from small splinters to globules in B. 

5. Tliin edges rounded in B. 

6. Very difficult to fuse in B. 

7. Infu.sil)le in B. 

8. Swells and fuses into globules in G. and B. 

9. Intumesces and fuses oy becomes pulverulent in G. or B. 

10. Exfoliates by the application of heat or effloresces on ex¬ 

posure. 

11. Decrepitates. 

12. Glows or phosphoresces in B. before fusing. 

13. .Fuses on charcoal to a globule in R., becoming magnetic.* 

14. Fuses to a globule of suboxid, converted into metal with 

carbonate of soda on charcoal by the R. 

15. Fuses on charcoal and is rerluced to metal in R. 

16. Fuses on charcoal and evaporates into fumes in 'B. 


* Magaetio here means liable to bb attracted by a magnet. 
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17. Applying a drop of sulphuric acid after heating to redness 

and reheating imparts to the flame a color. 

18. Applying a drop of cobalt solution after heating to red¬ 

ness and relicatiiig imparts to tlic mineral a color. 

19. On charcoal in B. ])ro(luces antiinonial, arsenical or sul* 

pimrous fumes, distinguished by odor or sublimate. 

20. Clianges color and loses transparency in B 

21. Fuscis in B. on charcoal, tlic globule obtained, becomes 

angular on cooling. 

22. Fuses in B to a globule, scoriae or glass of different color, 

23. Emits sulphurous fumes before B., boiling in 0., and changes 

to metJiUic globule 

24. Chang(is color in B. or lo.ses tran.sparency witliout melting. 

25. Fuses in B to a scoriae on ebareoal with soda, mixed with 

more s(MJa and faH'd again, dc'posits a sublimate. 

26. (Jiianges color m B , but loses tlie color on cooling. 

27 Fusible with sulphur 

28. li<‘duccd to metal in R on charcoal with soda. 

29 Produces a strong flame on charcoal in B. 

30 Melts with scxla on charcoal in B 

31. Froths in B and molU to a slag or mass on charcoal. 


27. Heat Tests in Glass Tubes. 

Glass tulics 5" to 8" long i" to bore. 

Put a small fragment of the mineral (about the size of a mus¬ 
tard seed) in the tube and licat slowly in a candle or gas flame 


Glass Tube Closed at One End. 

1 Melts, evaporates, and condenses wholly in cold part of 

the tul)e 

2 Melts, evaporates partially, part remaining solid at bottom, 

part condenses in cold part of tube. 

3 Flvaporates and is wholly condensed in cold part of tube, 

without change of* composition. 

4. Evaporates and is wholly condensed in cold part of tube, 

with change of c*omposition. 

5. Evaporates and condenses partially in cold part of tube, 

leaving a solid residue. 
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Glass Tube Open at Both Ends. 

а. Evaporates completely and is discluirged as a gaseous prod¬ 

uct ot combustion. 

б, Evaporates and is pHrlially condensed in tlie cold part of 

tube, and partially discharged as a gaseous product of 
combustion. 

c Evaporates partially with gaseous discharge leaving a solid 
rcsid.ue. 

d. Evaporates and is converted in a compound condensing in 
cold part of tube. 


38. Pyro-chemical or Blowpipe Tests. 

with Borax or l*liosph4»rus Salt, and on t'harcosl. 

O , oxidizing flame; R , reducing flame 

Manipulation: Dip tla* heated h)op of a platinum wire in 
powdered borax or pliosphorous salt, fuse, add uufil a clear 
bead fills tlie loop, then dip in the j)owderc(l mineral and expose 
to blowpipe flame. 

Ti»e use of phospliorus salt is indicated by a j)oint on the 
left of the reference numl)er. 

Under “Borax or Phosphate Beads," tables of “Mineral 
Characteristics/’ a number expresses color. A letter preceding 
the number indicates the behavior of the mineral expressed 
opposite reference letters from a to ) as follows: 
a In 0 the mineral forms ai)oxid soluble in borax, imparting to 
the borax l)ead a characteristic color, hot or cold. 

6. lo R the dissolved oxid is reduced in the borax bead to a 
suboxid of different color, hot or cold, or to metal. 

c. In the O the mineral with salt of phaspl>orus fonns an oxid 

of characteristic color, liot or cold. 

d. In R. the oxid dissolved in the salt of phasphorus is reduced 

to an oxid of different composition also of characteristic 
colors, hot or cold. 

e. On charcoal a sublimate is formed of characteristic eoior near 

assay. < 

The sublimt^te is of different color, at a distance from assay. 
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28a. Borax Beads. 

Heat tlie clean loop of tlie platinum wire to redness and 
dip in powdered liorax; repeat as often as necessary to fill the 
loop. The l)cad so obtained sliould be clear and colorless, 
hot and cold. Dip the melted borax bead in the powdered 
mineral and fuse in tlie oxidizing flame until complete dissolu- 
tion has taken place. Note the rapidity of dissolution, the 
evolution of gas, the appearance and color of the bead, hot 
jind cold. If more mineral than necessary lias been taken 
up, the bead may be opaipie and should then be flattened or 
drawn out to a tliread in order to observe the color. Beads, 
clear, hot, and cold, may Ixjcome opaque, opalescent, or milk« 
white by being lieafed in an intermittent or in a reducing flame. 

Beads on charcoal should be heated in a small cavity in the 
coal; when perfectly fused, press flie head flat with platina 
forceps. 

Soluble in borax are the earth and all metallic oxids native, 
or derived from combinations wiili metalloids by roasting, or 
from salts by expulsion of tlie acids l)y heat. Easily reducible 
metals like platinum, gold, etc., and volatile metals like mer¬ 
cury fonu no oxids and are tixerefore not dissolved in borax. 

28b. Beads of Microcosmic Salt, 

or of 

Phosphate of Soda and Ammonia. 

By heat the ammonia is driven off and the flux l)ecomes a 
bipbosphate of soda. Almost all substances except silica dis- 
'lolve in a bead of this flux. Sulphids and arsenites should 
lie treated on charcoal. Earth and metallic oxids are best 
treated in a loop of platinum wire wth an extra turn, as the 
microcosmic salt is more fluid than borax. The colors appear 
more distinctly, and may \>e obtained in either flame. If 
obtained in the reduction flame, the bead should be cooled as 
quickly as possible. 
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28c« Colors of Borax and Salt of Phosphorus Beads. 

By treating various substances in the blowpipe flame. 

O., oxidising; R.. reducing flame; H.. hot; cohl. J-'or colors indicated 
by numbers, sec Talile 24 e 



Nundiers linUcjitiiig (’-olors 


Borax 

Bead 


Sit. Phosphorus Bead 

Name of Substance 


















0 


0 1 

R 


H 

C 

H 

C 

11 

C 

H 

C 


1 

1 

1 

1 

1 

1 

1 

1 


1 

1 


1 

1 

1 

1 

1 


1 

1 

1 

1 

1 

1 

1 

1 


1 

1- 

1 

1 

1 

1 

1 

1 


1 


1 

1 

1 

1 

1 

1 


1 

1 

1 

1 

1 

1 

1 

1 


1 

1 

1 

1 

1 

1 

1 

1 


1 


1 

1 

1 

1 

1 

1 , 


1 


1 

1 

1 

1 

1 

1 




1 


1 

1 

1 

1 



1 

1 


1 

1 

1 

1* 


1 

1 

1 

1 

10 9 

1 

1 

1 


7.11 

2 3 


2-1 ' 


1 

1 

“ “ Pulyniium... . 

2.3 

23 

1 

1 

23 

2.3 




23 

11-2' 

1 

1 

23 

23 

48 


“Silver. 


b 3 

4 5 

1 

7 




7 " 

2 * 

46 

4 

72 





7 ^ 

23 

4 3 

45 

1 



“ “ Lead. 

ft 4 

1 

45 

45 

82 

22 

3 


“ “ Bismuth.. . . 

9 * 

1 

4 3 

4 '* 

8 

1 




8 

1 

4 3 

4 3 

7 

1 


7.17 


23 

10.17 

46 

4 3 

10 

7 


“ “ Iron.. 

12 

8 

21 

13 . 2 ( 

7.17 

10.11 

11 

3.11 


8 

7 . 2 ( 

20 

20 

7 IJ 

20 

20 

26 


14 

14 

14 

14 

14 

13 

14 

13 


8 1] 

7 

4 . 2 ( 

13 2 ( 

S 

19.8 

20 

20 


20 

19 14 

1 

12 

20 

1 

212 

10 n 

Tantalic acid. 

1 

1 

1 

1 

1 

4 


1 

'1 

4 

4 

1 





1 

1 

g 

9 

1 

1 

8 

23 


8 

1 

8 

8 

8 

1 

14 

14 


1 

1 

1 

1 

1 

1 

14 

14 


8 

8 

8 

20 

8 

8 

19 

20 


8 

1 

8 

8 

7 , 2 t 

7 .K 

20 

20 











1 Slightly soluble in salt of phosphorus. 

* Saturated. ^ 

8 Intermittent flame. 

< In large quantity; in small quantity lighter colored. 
^ After loDg-coQtinued blowing. 
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28d. COLORS RESULTING BY TREATMENT OF 
METALLIC OXIDS IN FLAME. 

B., blowpipe; 0 ., oxidizing; R., reducing flame; Ch.. charcoal. 


Potassiam. 

In 0. colors flame distinctly 

Violet 

23 


Trace of sodium or lithium salts ob¬ 
literates color. Observed through 
a cobalt-blue glass, even if sodium 
is nresenf, the color is 

Red 

11 

Sodium. 

In 0 , tliu flame js crilatgcd and in¬ 
tense 

Reddish yellow 

10.8 


; Not obliterated by other substances, 
only more or less modified according 
to tlie (|uantitv of sodium present 

In O. the tlamc is coloreil a hue 

Red 

11 


shown es|)eciaUy by cblorid of lith- 
1 ium. A small quantity of sodium 
' changes the color to 

Yellowish red 

7,11 

Barium. 

In 0 . oschlond, carbonate, or sulfate 

Apple-green 

7.20 

Strontium. 

In O. as chlond, carbonate, or sulfate 
immediately, or after a while, 

Carmine-red 

11 

Calcium. 

<»bliterate<i by baryta 

In 0. as chlond, carbonate, fluorspar 

Brick-red 

7.12 


as gypsum or sulfate at. first 

Light yellow 

7 


and after a hllie time the flame 
colors 

Light rod 

10 


Phasphate and borate of lime color 
flame 

Green 

20 

Blaimesl' 

Salts heated leave the flame 

Colorless 

1 

um. 

Glucinium. 

Heated to redness in 0 . and then 
applying nitrate of cobalt, reheat¬ 
ing, and calcining colors mineral 
Powdered and heated by 0 . on Ch. 
and then moistened >sith nitrate of 
cobalt and reheated colors mineral 

Flesh-red 

Dark gray 

4 

Alumlnl* 

um. 

Heating in 0 . to redness, moistening 
with nitrate of cobalt, reheating to 
retlness, but avoiding fusion, then 
after o<x>ling the mineral is 

Blue 

14 

Manga' 

nese. 

A trace in 0 . in a mixture of 1 part 
saltpetre and 2 parts soda 

Transparent 



on platinum foil colors assay, hot, 1 

Green 

20 


on cooling becomes opaque and 

Bluish green 

13.20 


With a mixture of saltpetre and car¬ 
bonate of imtash a mass is formed 
which dissolved in water produces 
a solution colored 

Dark green 

21 


In 0. with borax on platinum loop, 
hot. 

Violet 

23 


deepening when Mn is increased to 
In li. the borax bead becomes 

Black 

6 


Colorless 

1 

Iron. 

In small quantity, in 0., with borax 
on (ilatinum Ibop, hot, 

Red 

11 • 


by increasmg quantity 

Dark red 

12 


on cooling according to quantity. 

Yellow 

8 


In R. the borax bea<i becomes cold 

to dark yellow 
Bottle-green 

9 

4.20 


Ferric thiocyanate solution 

Intense red 

11 

Chromium 

In O.witb borax on platinum loop, hot 

Yellow 

8 


In larger quantity the bead, hot 

Dark red 

12 


The same borax bead when cold 

Yellowish gteen 

7.20 


In R. the borax bead, hot and cold, 

Green 

PlH 

• 

In 0 . with salt of phosphorus on plat¬ 
inum loop the bead hot transparent 

Reddish 

■ 


After cooling fine 

Green 

120 


NoU .—llie numbers in the last column refer to' the table of c<^ tnd 
Inatre. 24 fl. 
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METALS AND OXIDS IN FLAME-(Con(inufi;) 


Cobalt. 

In 0. and in K with borax on plati¬ 
num loop, hot aiul ool<I. 

With carbcniale ot siKla in platinimi- 

niue 

14 



wire lo<)|) in () n luas^ 4’olou‘il 

Reddish 

10 


Same in U on ( h n mas? (oloipd 

C.ray 

4 


reduceil to powder. mapnelK'' 



Nickel. 

In 0 witli i>i*rHN on platinntn-wire 




loop if quantitv is Miuill, hot. 

\ Idle! 

113 


On coolinK the Itend become 

In H tiie bead beconics tlondy. 

I’.ciiilish brown 

10.17 


opaque. 

In It. on <di!trro!i! rediiciNl loa - ponpy 
masb.sulijcct to ningnetic altiaclion 
In K on Oil with caibonnie ot nxia 

Gray 

4 


reduceil to nictal as white bright 
scales iittnicted by nuiRiiel 




In it with aildition ot a little tin and 
continued blowing on Oh a inctalhc 
globule of nickcl-liii i'- lorincd and 
the glass bead is 

In () in Miiall iiuanlitv with tdios 

('olorlesa 

.1 


phorus sail the liead, hoi, i.s 

Ke<ldi.s|i brown 

10.17 


After cooling the coloi liecotnes 

^ ellowish 

“ 


With nieieased <iuaiiiiiy lioi, 

Blown 

17 

Antimony. 

and when cold ihe 1 i-.id hei-oiiiet. 

In (>. on Oh. fuses ea-ilv.cxapoiates 

Yellowish brown 

\N lute 

8.17 

to antitiioiiou^ acid, <‘oalinR (h 
which touclied on edge wilti atiinui 
niuin .sulphid colors (lie edgt* 

*' 




Reddish orange 


In H. on asbestos thieail, color flame 

Gieeiiish white 


Lead. 

In (l on ('ll. foiriis suliliniiitecolorett 

Y'ellow 

8 


III Ji tins siiblirnate colojs llarne 

In 11. on ('ll with soda led lo iiietul 

Bluish 

13 


In (). with borax tt e glass, hot, l.s 

Limpid yctlow 

8 


Thi.s Ix'ad on cooling lan iinips 
except by a large addition <if oxid. 

('olorlesa 

1 


color 

In JO on ('h the borax in'ud isdiffusetl 

Y’ellow 



and with conunue<l blowing t he oxid 
is reduced to rnelal ami the bead 




again becomes 

Colorless 

1 


Finely powdered, moistened with 
hyilrochloric acid on an a8l>esto.‘ 
thread in (> tinge-s flume 

In 0, or R. on ('h. is reduced to metal, 

Bluish 


BIfimutb. 




which ultimately evaporates, leav¬ 
ing a coating colored 

Yellow 

8 


In O. or R on Ch with soda reduced 
to metal 

In 0. with borax, dei>endingon quan- 

Y’ellow to 
Y'ellowish red 



tity of oxid dissol'd, the bead, hot j 

7.10 


cold j 

Colorless to 

Yellow 

1 

6 


From bismuth salt solutions a 

black 



bismuth powder can 1)C precipi¬ 
tated by iron, copiier, and zinc 

In B. this powder melts to a globule 
of metal, very brittle, the fracture 
colored 

In R. oa Ch. a borax glass at first be- 

Roseate 

Gray 

2.10 


comes 



and cloudy. The oxid is reduced’to 
metal with effervescence and the 

('oloriess 



borax bead again liecomes 



1 Some powder is attracted by a magnet. 
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MINERALS AND METALS. 


METALS AND (LXIDS IN rLAME-(Con(int«>rf). 


Zinc. 

In (> tlic iTictal and burns with 

Yellow 

8 

flame. OtiCIi aMibhinaleform>. 
hmunou-s wliile hot, bccotitiiiK on 

Yellow 

8 


coolitiK 

In K. oil Ch. with carbonate of soda 
IS formed a inaas ooloretl hot, 
which on roohuK bcconie-s 

In <) .heatc<l and moistened with in- 

White 

Y’ellow 

White 

2 


tratc of ooljall. healetl to redness is 

Yellowish green 

7.20 


The mineral on eoohng Ixjcomes 

Green 

20 


InO borax lieiwl on iilatinum loop.hot 

Yellowish 

7 

Cadmium. 

in small quantity on cooI’k becomes 
hir laree quantitv, on cooling, color 
In U. on Cli. IS ab.sorbcd, on cooling 

(.’olorlcss 

White 

1 

forms 

sublimate. In (.). with borax on 
plat.iiiuiri luo[), while liot, fonns a 

Reddish brown 

10.17 


limpid 

Yellowish 

7 


glass, wliich on cooling is .almo.-t 

Colorless 

1 

TUu 

and with nuicli o\id after cooling 

In <) on Cli. burns to oxid witli a lu- 

White 

2 

minous 

Y ellowish 

7 

« 

flame, tlie oxid on cooling colors to 

The sublimate formctl is close to 
assay 

In K. on ('ll. witii soda amctul bcadi 
is formed Adil saltpeter for stimll' 
quantities of tin 

Borax l>euds in 0 and K.. hot and 

Gray white 

3.2 



Colorless 

1 

Uranium. 

In 0. on (,'h. infusible color of mineral 

Yellowish green 

7.20 

In U. on I’h. color of mineral 

In 0. and R on (’h. with carbonate 
of soda in proper amount may form 

Black 

0 


a raas,^ 

If soda is in excess then ma^ is ob- 
sorbsxJ m Ch. 

Id 0 - with borax on platinum wire 

Yellowish biowu 

7.17 


loop the I'tead will lie. while hot, 
varying with quantity of uxid, cold 

Id 0 . with salt of phosphorus on plat- 

Yellow to dk. red, 
Colorless to dark 
Yellow 

8,12 

1-9 


iuuca-wire loop the glass will t>e, hot 

Y'ellow 

8 


cold 

Y’ellowish green 

7.20 


In R. the phosphorus licad will be, hot 

Grayish green 

3.20 


cold 

I'ine green 

20 


In R. on Ch. with a little tin 

In U. on platinum as acid, oxid, or 

Dark green 

21 

num. 

sulplud the flame is colored 

Bright green 

19.20 


With micrucosmic salt in Pt loop in 0 
in K. 

Yellow 

(Jrten 

8 

Copper. 

In 0. with borax on Pt loop, hot, 

Green 

20 

cold, 

Blue 

14 


In R. with bora.x on Pt loop, cold, 

In U. on Ch. with carbonate of soda 
deduced to metallic globules 
Powdered, mohjencii with IICT, on 
platinum wire in lower part of Bun- 

Red 

11 


sen flame, colors flame near wire 

Blue 

14 


above wire 

Green 

20 

Mercury. • 

In B. OQ Ch. or other support volatile 

1 
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METALS AND OXIDS IN rLAME~(Con<inurrf). 


Platinum* 

Paladium. 

Iridium. 


Rhodium. 

Tellurium. 


In O. on Ch. by protracted blowiiiK 
forms ituTUF'tal ion lleddish brown 

In U. on Cli. with soda, motallu’ glob¬ 
ule 

In O. on (’ll. or a support of wliilc- 
burned clay or puicolain. when pure 
the flume i- Colorless 

With 3511‘noft of iiiipuntv of iron, cop- 
jiet, or siIm’iuui, tlic suifmcot the 
melted .sil\ei lu-ml i- (incit'd l>\ a 
stroriir, \en rnolalc '■cum uikI i ue 
impuiity t-olois tlic llamc 
In O or I’ oil (’ll .with 01 witliout 
sodii, reduced to iiiftai. t^oda pa.'ves 
into Ch 

Unalterable amt iiilu''iblc 
With Milptiui IumIiU, alone* iiifu.sihie 
111 O or li on ('ll , witho! without 
iiodii, icdui'cd to iiit’lal whuh i'in¬ 
fusible 

In U. with plio-splioruNsalt. a glolmlc, 
liot, - Yellow 

i.s wilh difhciiliy obiaim'I it l^ cold Violol-blue 


In (). and lb on Cli . Mildinialc cloH-j 
to a.ssay i 

by 0 inoicd from plaoe to jilace.j 
becomes ; 

III It. flic sublimate color>flame. I 
In () and U on t'b. iiiH'j' tnapo- 
rates, odor 

The fumes of volalihzation colored 
ByO. the sublimate funned coloied 
can be mined tiom place to place 
In R. the subhmalo colors flume 
In O. and R. on ('h. e\aporatC'', emits 
odor 

At some distance Irom a.ssay i.s formed 
a sublimate 

which, ioueh<*d by R . colois flniiie 
III t) it oxidisses into osmic! acid, 
emitting a pungent smell and aflect- 
liig the e\’es 
Colors flame ol alcohol 
In R on ('ll reduced to metal powder 
Bum.' to .sul|ihuious acid with odoi 
and with a flame eohued 
InO on Cl) with a mixture of 2 t>ails 
soda and 1 pait borax fuses into a 
mass which, tiansfeirod lo a biighf 
silver surface and iiioislened, i>ro- 
duce.s thereon a spot (oloicd 
Id closed tubcsmeli * foi mine ' il reousi 
slag around the fused globule, cold 
On Ch. bv B emits dense funies 
streaked 

The point and edge of flam" is ^ 
On tuin porc^elain the deposi* is 
knd the appearance of the flame 
In O with borax the bead colors 
In H. the bead becomes 


White edged 

Yellow'-browu 

(Iroeii 

Horseradish 
Brown 
Sto«‘l-gray 
I'xlge (lull violet 
Blue 


White.cdjm gray 
I*ale blue 


Osiiiic odor 
liiight white 
J>ark bi own 
Sulplmiuus 
Blue 


Black 

Biownish red 1 

Yellowish 

Wliitcaml brown 
Kmcrald green ^ 

Brown-black 1 

Brownish 1 

Green S 

(kilorless * 
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39. Alphabetical List of Minerals. 


.M 0 

Name 

Sym 

bol 

Ref. 

No 

Name 

03 

142 



8 


Ca 

118 


Si 

9 


C 

u 


Mg 

13 


Cu 

62 


Si 

52 


Si 

36 


Si 




2 






1 () 

AffaJc . 

Si 

3 

Autunitc. 

U 

31 


W) 



Si 

0 


Ml. 

129 


Si 

9 





Cu 

9 

Albitc . 

Na 




11 


A) 



Mrr 






Ha 

7 


Mn 



Ba 

116 


Si 



Ba 

80 


8 t 



Si 

9 

AUaite. 

I'll 

2 

Pasic fluoenne. ' 

Ce 

21 


Al 



Al 



A 1 

12 


C 

19 


Al 

4 


Sb 

10 


Al 

(59 


Si 

19 



7() 


Si 

3 





M(r 

36 


Si ' 

1 


Bt 

11 

Amber . 

C 

2 

Hisniiithiiiite. 

Ri 

17 

Ambiyitonite . 

Al 

3 

Hitter spur. 

Mg 

4 

Amothyist . . 

Si 

8 

Hitunieii. 

c 

4 

.Anielhvst oriental.. . . 

Al 

4 

bituminous coal. 

c 

11 

Amyanthus. 

Ms 

2 

Hlackleatl. 

c 

6 U 

AmplulKihj. 

s> 

1 

black-jack. 

Zn 

38 

AmphcKlchte. 

Si 

12 

Black copper.. 

Cu 

140 


Si 

1 


Zn 

2 


Ti 



Si 

125 





1 Cu 

82 






7 


PI) 



Fe 

10 





Mn 

4 


Mfr 



Mg 

38 



105 


Si 

3 


0 

2 


Na 

2 


Sb 

3 


Cu 

1 


Sb 

1 

Bort. 

C 

2 


Sb 

2 


Pb 

8 





Pb 

13 


Mg 



C ' 

4 


K 

3 


Mo 

70 


Si 



Ni 

3 





Mir 

0 


Mjf 



Mr 

1 

Argentiferous galena .. . 

p£ 

98 

Brittle mica. 

Si 

2 

Argent ite. 

Ag 

14 

Brochantite. 

Cu 

3 


Ti 



St 

1 



3 


Ba 

4 


Fe 

3 


Ti 

5 

Arsenical antimony. 

Sb 

6 

Brown coal. 

C 

5 






5 



12 


Mo 

4 

Arsenooyrite. 

Fe 




66 


Si 

25 


Si 





Note. —* The reference number anti the chemical symbol refer 
Tables 30. 
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Alphabetical List of Minerals—ConiinW 


^ 0 

5*5 Name 

a-s 

>>.2 

7j 

Name 

is 

02 

0 Cadmium. 

Cd 

122 (drdieritc.1 

Si 

3 Cairogorm stone. 

Si 

11 Cornelian. 

Si 

5 Calamine. 


1 Ctirundum. 

Al 

1 Calcite. 


3l» ('ouzeranile. 


2 Calc spar. 


14 Criclitoiiite. 


46 Cancrmite. 


67 Crocultilne . 


5 Cannel coal. 


10 (’HK'oite. 

Pb 

1 Capillary pyrites. 

Ni 

CitMikei-ile. 

Se 





2 Carbonate of lime. 

('a 

12 Ciyolite. 

Al 

6 Camelian. 

Si 

0 Cuprite. 

C'u 

1 Cassiterite. 

Sii 

126 Cyanite. 

Si 

91 Cat-gold. 

Si 



91 Cat-silver . 

Si 

4 Daiiaite. 

Co 





1 Celestite. 

Si 

121 Daiibunte . 

Si 

5 Cerargyrite. 


132 Dulhohto. 

Hi 




Al 

6 Cerite. 


82 Demanloid. 

Si 




I'b 









14 Chaicanthite. 

(‘u 

1 DuiinoiKl. t 

C 




Al 

2 Chalcooile. 

Cn 

48 Diopmde. 

Si 

4 Chaloopyrite. 

(d 

10 Diojitare. 

(d 

2 Chalk. 


112 Dipyre. 

Si 

8 Chalybite . 

I'V 

128 Disthcne. 

Si 





124 Chia^tolite. 

Si 

3 l><ilomito. 

Mg 

22 ClnldrenUe. 


6 Drv bone. 

Zn 

12 ChioUle. 

Al 

13 Dyclasite. 

('a 

8 Chlor-apatite. 

('a 

8 Dywodile. 

C 

5 Chlorite. 

Mg 



6 Chlorophaiie. 

tJji 

5 Eisenrose. 

Fe 

131 Cbondrudite. 

Si 

4.'>| Lheohte. 

Hi 




Si 

1 Chromite. 

O 

lO! Knierald copper. 

Cu 

11 Chrysoberyl. 

Al 

6 Emery. 

Al . 

9 ChrysocoUa... . 

(.'ll 

11 Knargite. 

Cu 

14 Chrysolite. 

Mg 

64 Enstatite. 

Si 

15 Chrysopraae. 

Si 

22 luiHphunte. 

l-'e 

26 Cimolitie. 

Al 

116 Epidote. 

Hi 

2 Cinnabar. 

UjS 

8 Epsom salt or. 

Mg 

84 Unnamon-stone. 

Si 

8 Lpsomite. 

Mg 

4 Clausthalite. 

Si 

3 JOrubewile. 

C'u 

14 aay. 

Al 

5 Krythnte. 

Co 

^ 1 Cleveit. 

Ca 

85 Kssonitc. 

Si 

102 Cliiiocblore. 

Si 

Kucarite. 

He 

102 Clin ton ite.. 

Si 

73 Euclase. 

Si 

0 Coal. 

C 

88 Eulyte. 

Si 

6 Cobalt bloom. 

(a) 

0 Euxite. 

y 

3 Cobaltine.1 

(LIo 



51 Coccolite.' 

Si 

5 Fablere. 

'(d 

l3 Colemanhe. 

Ch 

1 Falsf galena. 

Zn 


he 



24 Columbite. 

Fe 

1 False topaz. 

Si 

1 Copper. 

('ll 

2l I'eather ore. 

Fb 

12 Copperas. 

Pe 

36i l'eld*<par. 

Si 

2 Copper glance . 

Cii 

4 Ferguson ite. 

y 

4 Comcite. 

U 

26j Fettbol. 

Al 


> 1 gramme cleveit gives 7 c.c. helium gas. 
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MINERALS AND METALS. 


Alphabetical List of Minerals— Continwd. 


Name |i j|] 

'! Fibrolile .. Si !; 

I Ficlitelile. C 

Fire opal. Hi 

Flochos d’amour. Ti 

I Flint . Si 

Flossfero. Ca 

: I'^lijoerine. _. Cks 

Fliioi-apaiile. Ca 

' Fluorite. Ca 

I Fluorspar. ('a 

' Foliated talc. Mg I 1 

Forsterite. Mg 

Fo-shiI copal. C 

Franklinite. Fe 

Qadolinite. Y 

Gahnito. Zn 

Galena. Pb 

Oarnot. Si 

Oaniierite. Ni 

(jJehlite .. Si 

Geatlute. Ni 

(ieocronito. Pb 

Goyserite.Si 

Gibbsitc. iVl 

Girasol. Si 

Glaulier salt. Na 

Glaui'olite. Hi 

Gluuberife. Na 

Giaucodol. Co 

Gmelimite. Si 

Goethite. Fe 

Gold . Au 

Gold tellurid.Au 

Grammatite. Si 

Graphic lelluriam. Au 

Graphite. C 

Grappite. A1 

Gray antimony. Sb 

Gray copper. Cu 

Greenokite. 

Grcnal. Si 

Grosaularite. Si 

Guaqiiillite. 0 

Gypsum. Ca 

Haidingerite.... Sh 

Halite. Na ' 

Harlequin opal.Si 

Harmotnme.. .. Si 

Hartite. C 

Hatchettine. C 

Hausmannite. Mn 

Hayne .. Si 

Haydenite. Si 

Heavy spar. Ba 

Hetienbergite. Si 

Heliotrope.Si , 

Helvite. Si 

Hematite. Fe 

Herderite. Si 

Hessonite. Si 


Helerositc. .. Mn 

lieulandile. Si 

Horiibleiide. Si 

Horn quiekrilver... llg 

Horn wlver. Ag 

HoriiHtone.. . Hi 

Horae-fleBh ore. Cu 

Hudsonite. S| 

Humite. Si 

Huraulite... Mn 

Hyacinth. Si 

Hyalite. Si 

Ilyaloifhane. Si 

Hydraulic limestone. Ca 

Hydrophane. Si 

Hyperstiieue. Si 

Hystatite. Fe 

Iceland spar. Ca 

Ichthyophthalmite...... Si 

Idocrase . Si 

Idrialine. C 

lliiienite . Fe 

Indicolite . Si 

Infiinorial earth. Si 

Iodic mercury. Hg 

lolite. Si 

Indium. Ir 

Iridosmine . Ir 

Iron pyrites. Fe 

I serine... . Fe 

Ixolyte. C 

Jade. Si 

: Jadeite. Si 

1 Jamesonite. Pb 

.larosite. Fe 

Jasper.Si 

Ja.^)er opal. . ..Si 

Jenersonite. Si 

Jet.C 

I Job’fi-tears. Si 

Johannite. U 

Kaolin. A1 

Kaolinite. Al 

Keilhauite. Si 

. Kerolite. ..I Mg 

I Kiiig'H'yellow. Aa 

; Kilbrickenite. Si 

> Kollyrite. Al 

1 Koiiiite. C 


Labradorite. St 

Labrador feldspar....... Si 

Lapis laz^ . Si 

Lapis ollaria.‘. Mg 

Latrobite. Si 

Laumonite. Si 

Laeulite. Al 

Lead. Pb 

LebrbachitQ.. . Se 















































































































ALPHABETICAL LIST OF MINERALS. 


Alphabetical List of Minerals—(Conh'nucd). 


^ I 

OQ I K 


!.^puiokrokit«. Fe 

Lcpuiolite. Li 

I Lepidomelaiie. Si 

Leuoite. Si 

Leuoopyrito. Fe 

^ Libcthetiite. Cu 

' Lignite. 0 

I Lime. Ca 

Litaestone. 

Lamoiiite. Fe 

Ijima-ite. 

i Lir«H‘onile. t'u 

I Liiliia mica. Li 

1 LiUiiophilite. Li 

LoUinginite. Fe 

LoAo’b-arrows. Ti 

Loxoclafte. Si 

Lumaclielie. Fa 

; Lydian atone. Sl 

Made... Si | 

; Magnesia. Mg 

; Magnesite. Mg I 

I Magnetic iron ore... Fe . 

Magnetic pyntcs.... ke 

i Magnetite. Fe 

’ Malachite blue. . Cu 

’ Malachite green. .. . (^u 

t Malacfihte. Cu 

i Maithacite At 

I Manganese. Mii 

I Manganbletide. . . Mn 

' Manganese spar.. . Mn 

I Manganite. Mn 

Marble. t'a 

1 Marcasite. Fe ; 

1 Margarite. Si 

1 Manalite . Si 

i MarmoUte. Mg 

1 Meerschaum. Mg 

L Meioiiite. Si 

I Melauite. Si 

i Melanstihroile. Fb 

I Melantente. 

I Menaccanite. Fe 

> Monilite. Si 

I Mercury. Hg 

6 Messitine.. Mg 

4 Metacinnabarite. Hg 

[) Mica. Si 

B Microline. Ca 

6 Microbte. Ca 

8 Middletonite. C 

8 Milk opal. Si, 

1 Milierite. .. . Ni 

5 Mimetite . Pb 

1 Mispickel. As 

1 Mohawkite . Cu 

1 Molybdenite. Mo 

0 Molybdenum. Mo 

1 Monaeite. ^ 

0 Moonstone. Si 


Moss-ogatc. Si 

Muiinlam cork. Si 

I Mountain leather. Si 

Muller's glass. Si 

’ MuscoMte. K 

j Muscovy glass. Si 

' Nagyagite. Au 

; Natrohte. Na 

Nation.Na 

Ncctllc zeolite. Na 

Ncniahte. Mg 

1 Ncphelitc. 8i 

, Nephrite. Si 

: Niccolitc... Ni 

' Nickel. Ni 

! No.seun. Si 

>'■ Nuttahtc. Si 

; Octahedrite. Ti 

' Ochre, brown. Fe 

. Ociire, red. Fe 

(Higodasc. Si 

i, Ohvenite. Cu 

t tilivine. Si 

! Onyx. Si 

. Opal. Si 

' Opal altophane. A1 

Ophiolite. Mg 

Orangite. Si 

I; Oiienlal ruby. Al 

t Uneiital sapphire. Al 

>\ Oriental topaz. Al 

I, Oipiment. As 

»l Orlhite . Si 

I Orthoclase. K 

»! Ottrelite . Si 

I Ouvarovite. 8i 

t' Ozocerite. C 

i PachnoHle. Al 

I Paladium, native. Pd 

) Pargasite. Si 

1 Peacock copper. . . . Cu 

) Pearl mica. Si 

I Pearl spar. Mg 

y Pectolite. Si 

) Pencil stone. Mg 

1 Penninite. Si 

fi Pentlandite. .. Ni 

ii Peridot . Mg 

5i Perovskite . Ca 

HI Petroleum. C 

5, Petzite. Au 

3 1 Pnacohte. Si 

2> Pharmacolite. . Ca 

7, Pharmacoaiderite. ..... Fe 

4 Phenacite. Si 

8| Philtipaite. Si 

4i Phlogopite... Si 

6 Pholerite... Al 
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MINERALS AND METALS. 


Alphabetical List of Minerals— 


7 Ph<»tizito. 

S Piauzite. 

11 PicrolUe. 

101 Pinite. . 

1 PitL-hOlerule .... 

37 Plagioclasp. 

2 Plagiomio. 

1 Plasma 

9 Plaster-tif-Paris... 

1 Platinum. . 

4 Plntinum-iridium. . 

2 PlumOuKu 

91 Plunio.sc mitui. . ■ 

1 Polianitc. 

8 Polycrasc . . . 

1 Polytlymile.. . 

52 Polylitc. 

7| PolymiRnitc. 

0 Potassium. 

10. Potstono 

1 Potter’s ore. 

14, Prase.. 

80 Precious garnet... 
25, Precious opal.. 
ll! Prpc.ious serpentine. 
133| Prehnite.... 

41 Proustite. 

5| P.silomelane ... . 

3 Pueherite . 

3j Purjile copper ore.. 
22; Pyenile. 

3 Pyrargynte.. 

2| Pyrite. 

4 Pyrites, arsenical... 
4 Pyrites, auriferous. 

1 Pyrites, eariillary.. 

2 Pyrites, cockscomb 

4 Pyrites, copper. 

2 Pyrile-s, mm... 

1 pyrites, magnetic... 

2 Pyrites, spear. _. , 

3 Pyrites, white irtm. 

2 Pyrochlore. 

1 Pyroluaite. 

4 Pyromorphite.. .. 
79 Pyrojie. . . . 

12S PyrophylliUi. . 

116 Pyrorthjte. 

1 Pyrrhotite. 

47 Pyroxene. 


3 lleil sulphuret of arsenic.. As 


1 Quartz. 

1 Quicksilver.... 
13 Quincite. 


3 Realgar. 

6 Red antimony.. 
6 Red copjier ore. 
5 Red hematite.. 
5 Red iron ore... 
5 Red ochre. 

4 Red silver... . . 


Red zinc ore .. 
Kesin mineral.. 

Uetinite. 

Rhotlocbrnsito.. 
RhtMlonite.. ... 
Rock crystal.. . 
Rock meal..... 
Rock milk. . .., 
Rock salt. 


! Rock soap. A1 

I Rosehte. Co 

I Rosite. A1 

I Rosequartz. Si 

. Rulielhte. Li 

I Ruby, balas .. A1 

Ruby, oriental. Al 

I Ruby, silver. Ag 

; Ruby, spinel. Al 


I Rutile. Ti 

>1 Sahlile. Si 

I Saltfieter . K 

'I Sainarskite. Fe 

i Sanuhue. Si 

l| Sapolite. Mg 

1 Sapphire. AT 

I Sard. Si 

: Sartlonyx . Si 

Satin spar. 

Saussurite. Si 

I ScatioUte. Si 

Scheelite. Ca 

: Schererite. C 

Schiller-apar. Mg 

' Sclmrlomite . Y 

Scliroetterite. Al 

' Scolecile. Si 

' Scorodite. Fe 

Seibertite . Si 

Selenid of mercury.... Ug 

I Selenite.Ca 

Selenium... Se 

> Senarmontite. Sb 

: Sepiolite. Mg 

Serpentine. Mg 

1 Siderite. Fe 

Silex. Si 

Silica. Si 

■ Silicioue sinter.. SI 

: SiliBed wood. Si 

SilHmanite. Si 

Silver. Ag 

I Silver glance. Ag 

> Silver not^. Ag 

: Silver rul^.... Ag 

I Smalt . Co 

I Smaltite. ^ 

' Sraaragdite. Si 

I Smelite....... ^ 

: Smoky qu^f. SI 
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ALPHABETICAL LIST OF MINERALS. 
Alphabetical List of Minerals.— 


lOi Soapstone.. .. 
0| Soda. . 

421 Sodalite. 

5 Soda nitre... . 
0 Sotlium.. .. 

8 Sputliic iron.. 

3 Spear pynleh . 

6 S(»ceular iron. 

2 SpcriyJite. 

81 Sixjssatlite- 

1 Sphsilcnte... 
124 Spiienc. . 

14 SpieReleisen. 

10 Spinel 
57 Spodunienc. .. 
14 Stalactite 
14 Stalagmite.. 

2 Rtaimite 

130 Staurotile . .. 
10 Steatite. 

6 Stepiiaiiite .. 

2 Stibnile. .. . 
146 Stilintc 

1 Slieani-tiii . . 

2 Slrontianite.. 
0 Sliontinm . 

1 Sulphui 

2 Sylvanite. . 

1 Sylvitc. 


13 Turgito. 

J Tunieiite. . 

ir> Turiiuoi'i.. 

0 Tile ore. 

14 Ulexite . . 
0 I'ltranmnne. . 

1 I liiiiihite 
o' I'raiiium. 

3 t.'iaimim nuca. 
K3; I'varovite.. 


8, Vanadinite.... 
J11 Verd-nntique. . 

071 Veimiculite. - 
2 \ pimilnm.. . . 
IMI Ve'.iuianite. .. 
23 Viviaiiite. 


69 Tabular ppar. bi 

10 Talc. Me 

16 Tantalite. /’® 

1 Tellurium. 1® 

5 Tennantite. | 

12 Tenorite. ••• 

5 Tetrahedritc. t 'i 

6 Thenonlite. Na 

13 Tbomsenolite. At 

l37 Tbomsonite. b* 

1 Thorite. I" 

8 Tiger’s-eye. bi 

0 Tin. 

1 Tin stone. bn 

2 Tin pyrites. bn 

1 Tin oxid . b" 

14 Titanic iron. 

l23 Titanite. b*: 

0 Titanium. 

1 Toad’s-eye tin. bn 

l2Q Topas . a- 

82 Topaaolite. 

2 Torbemite. ... g. 

24 Touchstone.T. bi 

ll8 Tourmaline. 51 

61 Tremolite. 5! 

0 Tridvroite. yi 

4 TVirna. 


Wad. 

Wa\cllite . Al 

Weiiierite. . . bi 

Wheel oie. ... 

White anlMinmv • • bn 

White arM'iiic. As 

White lead. 

Willeniite .... 

Witheiite . 

Woerthite. Al 

I Wolfram. ” 

) Wolframite . 1? 

) Wollastonite. bi 

I Wowi npal. 2* 

I Wood tin. bn 

i Wulfcnite. 


4 Yellow fiulpburet of ar- 

senic. 

2 Yttriocerite..X 

5 Yttriocohimbite. * 

Yttriotitanite. * 

36 Zeolite. f*, 

0 .. 

1 Zinc-blende. 


4 Troofltite'. 2n 


Zinc carbonate. 
Zinc ore, retl • • 
Zinc oxid. .. • 
Zinc siheate.. • 
Zflic sujphid... 
Zinc spinel.... 

Zincite. 

Zircon. 

Zirconium .... 

Zoisite. 

1 Zoi^te. 

I Zunpte. 
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definite indices, as x, y, z, mean that the substance or mineral 
is composed of the elements indicated by the symbols, but in 
undetermined proportions 

For instance, in the mineral magnetite, Fcj 04 , the symbols 
and indices indicate that the mineral is composed of 3X56 
iron and 4X16 oxygen, or 168 parts by weight of iron and 
64 part5 oxygen, while FeOx would mean that the mineral is 
composed of iron and oxygen in undetermined proportions. 
rHARA(TEIUSTI<?S 


O^-OxiilizR: R=»=Rt*<hic’g fl.: 11 —Hot: C—Cold. 


u- 

c 

a 

9 

z 

s> 

o 

a 

u 

«i 

S 

5 

« 

cc 

■6 

a 

0 

£ 

C 

■c 

a 

X 

Specific Gravity j 24c 

3r> 

24 e 

20, 24 e 1 

27 

. 24e 

28,24e 

AcuIk 

Heat, Candle, 

1 , or Blowpii>e Flame’ 

Action on 
Mineral 

Color of Sol. or 
of Precipitate 

Change of 
Mineral 

Color of Flame 
or of Mineral 

('ll 
in ' 

j 

anges 

Fubes 

1 Color 
1 <■ i-I 

Borax and Phosphate 
Beads, and Sublimate 

1 on Charcoal 

i 

1. « 

H ! 

(■ 

H 

C 

H 

C 

0 

f 


7 9 












1 


4 

46 



13 


0 .5 

18 

8 





2 


6 

5 



13 


2 

18 

8 





3 


0 

4.8 












4 


6 

(> 



13 









5 



5.2 



., 7 





.11. 17. 




6 

f 

6 

5 1 



7 







7.20 

7i 


5 

4 



13 

6 

5 


1 




20 

8 

b . 

4 

3.8 

hSeSiiS 


13-7 

6 







20 

9 






7 





e2 ! 

23 


e7.21 


f ' 

6 

5.8 












10 


5.5 













11 


5 

4.1 





5 







12 

bar! 

2 

1.8 



13 






20 



131 






11 


5 







I 4 I 

f 

5 

4.8 



7 



i 






IS 


5.5 






..I 

1 






16 















17 















IK 


5.5 

5.5 












19 

b 

3.K 

3.2 












20 


5.3 

.7.3 



.... 6 .. 






•12,20 



21 


5 

3.8 











22 


1.7 

2.7 












23 

abg 

1.7 

2.7 



20 


5 


1 





24 















25 















0 

1 


11.4 

.. n, 


1.2.. 









1 

8 1 

2.5 

5.7 


15.11 





e8f2 




2 


2,5 

5.7 












3 


2.8 

5.K 








e8f2 




4 

B.b 

3.8 

6.8 



21 









6 


3 . 

.6.6 



..19 





eSf 2. 





t Action on mtnerai. t Color of ccadenwd nart. 
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MINERALS AND METALS. 


ReferencpM for IC.Tplanation . . 24a 24e « 


Poitiinlu or (Vjin- 
Name of Miiiorai position <>| I’ure 
Miiieml 


- a s' 

y V Lustre. - £ « ' 

= i folor >.2. S. 


6 f)oru«ite . 

7 Angleaite. 

'K Vaiia<iiriitc. 

9 Alatite . ... 

10 Owoisite. . 

11 Desclosite. 

12 Oracite . ... 

13 Corneous load. . . 

14 Lead mulvlxlale. 

]5 Lea<! selenate . 
to I^ead tungstate. .. 
17 Plumboresinite. . . 

15 Melanoohroite 

19 Veuauelinite . . 

20 ('aleuonite. 

21 Cuproplutntiile 

22 Foliated tellurium 

23 Minium... . 

24 Feather ore. 

25 Boulangerite.... 

26 Plogionite. 

27 Zmkenite. 

28 Cieocronite. ... 

29 Kobellite. 

30 Stein maunite. . - . 

31 Aikinite. 

32 Clauslbnlite. 

0 Copper.. 

] Native copper. 

A ) Cbalcocite. ... 1 
^ I Redruthite... [ 

A ( Bomite.I 

^ I Grubescite.... 1 

4 Cbalcopyrite .... 

5 Tetrabedrite. 


iFW'Og. fl 2-3 

|PbS5>4. f 18.3.1 Iw 2.3.19 


IPbVOg.! 

PbTe. 

Pb« Ygi >4 . ... 

Pb(’uZiiV 40 * .. , 
PbCl 

PbCiPbCOg .. 
(PbOigMoOj.. 
PbSeO, . .. 
PbW(>4. 

Pb\M)7 + l)njO 

Pb.i( 'r./ )fl. 

:KPb( •u'afCrlV) 
Pb('u('()4J*biS03 
I’bS CujS. 

Pbii lofiAu. ... 

i’bjSlfSa. . . . 

PiVjShSa. 

j’bflSbiSio. 

Pb^Sb^S,,. 

PbfiSbS^. 
PligShBi^Sio. • •. 
Pb^SI)^'?^ ... 

PWhlBlSg. . . 
PI>Se. 


k'u, At. wt. 63.4, 
C’u. 


CUgS . 

CugFeSa. 

CuFeSa... 

. 4(CUiS)Sb^g. 


6 Cuprite. •. Cusb*. 

7 Malachite. Cu 2 C 04 +H 20 . 

8 Azurite.CU 3 CO 6 + HoO.. .. 

OChrvsocolla.CuSj 03 + 2 (H 20 ) . 

10 Dioptase. CuSiOg + HgO,.. , 

11 Enargite . (''u 2 AaS 4 . 

12 Melanconite.CuO. 

U .^Uacatnite.CuQOi 

14 Blue vitriol.CUSO 4 + HjO.. . 

15 Libethenite. CuPjOe. 

leOlivenite. CuAsOj. 

17 Blue copper. CuS . . 

18 Digenite. .. . Cu-iSr. . . . 

1$ Cuban.CuFejSg. 

20 Selenid of copper. . CuSez. 

21 Guchroite.CiioAsaO.s. . . 

22 Aobanesite.GujAsgOg. 

23 Erinite.CojAsjOj . .. 

24 Liroconite .CusAsrO.g 

25 Copper mica.Cu3A804 + 3(Hg0^ 


d 8. 10.17 
3.2 
...U 


cl 38 
8 .. . 
d 20.17. 11 
d 8. 10 17 I 
12 


Color of 
Streak 
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MNERALS AND METALS. 


BeferenccH for Explanation ... 24a 


Name of MinisrHl 


Fontiula <>i (auti- 
posilioii of I'ure 
Minetui 


— w Ivusire, 5 

is £“<& s 

O U( 


26 (.>5r»J>er froth. 


27 f>)ri<luril3. 

2S Psejilt) tiiiilarhitc. 

29 r<ir<)mt)oli(e. 

30 ilovellitie. 

31 Sloliawkitc. 

0 ?5inc.. . . 

1 Sj)lialeritc. . . . 

2, Zincite. 

3i({ahnite. . . . 

.4!Waieimlc. 

fiiCalamtrie. 

6 Sinithsoiiilo.. . 
TiVoltzite. 

SjZinc sulphale , . 

9 Ziuo bloom. . . . 


0 Aluminium.. . 

1 Corundum.... 

2 lluby. 

3 Sapphire. 

4 .Amethyst.... 

6 Topaz. 

6 Emery. 

7 Diaspore. . . 

8 Bauxite. 

9 Oibbsite. 

10 Spinel.. 

11 Chryaoberyl. . 

12 Cryolite, 

13 Thumaenolite. 

14 Kaolin. 

15 TurquoiH. . . 

If) Wavellite. 

17i AmblvKomle.. 
iViLazulite.... 
ID'Alamte. 

20 Alum. . . 

21 Dawaonite.. .. 

22 Pycrite. .. . 

23 Automolite. . 
2* Dysluile. 

25 Hercinite. 

26 Halloylite. . . 

27 Allop banc. . 

28 Kyanite. 


(Ju I AsjiC )gt ’aC( )3 

+ 7(lloO; . 

. CiiOPaOo. ] 

(hUMJMii). . 

CnS,..: . . 

. (^iNiCoAzj.. . 

Zti, Al. wl. f>5. , ac I 21 
|ZriS. . . f 1 

,ZiiO. . ■ f 1.1 I 

ZnOAloOj., ^ 

.2(ZnO)Si{»o. 1 

I2(Z-i())Si 02 + IJ.,O f 13.] 
.;Zii(()3 . 10.1 

|Zh.S + Zn<>. . . 

|ZtiS( )i + 7(Hn()) 

.|Zii('Oj+HoO.. 


• 16,19.2 IV 2 


AI, At. wt, 27. . 

AloOj. 

. 

AUb. 

AM)j. 



AI.(>3 ... 
Al4>3+H.O.... 
Al.i0.i+3(H2O)..., 
AlaOj-t-SdljO). ... 
MgAI:; 04 . .. . 

... 

All '3 + 3(NaF)... 

CaAIF.. 

\laS 1 O 3 .. 

A1F<)4 + I1.,() .. 
\ip<)4+n.() 
MPOJ.iF..... ; 

AlPO^MgO+H-O I 
Al,SOo . 
K 2 Al 2 SCM 2 (Ho()) 
NaAICO.. ■ 

AFFSiO^.... 
AlZnMgt)*.. . I 

. AlZnMgFeCi . I 

.AlMgFeO, .... 

\]./)3Si02+H20. 

. 412 ^ 1 ( 13 + ii 2 <>. 

AlsSiOfi. .. 

Ag, A*t wt. 1077 
Ag 

Ae-.S. .. . 

3( \g2S)Sh2F3 . 
.A^2S)Ap2S3 


a 1.3.2 
l)j 3.1 
]]. lU 
3.14 
23 

c 7.8. 
i 18 

c 19,4.3.17 
i 13.2, 2 
j 3, 19.2 
c 11 

cd 0, 20 
c 2 


.(1 13.20.. . 
de 7.2 

19.2 2 

c 13,14 

c 10, 3, 2 IV 2 


10.1 13,2 

Ifi. 1 d 20.17,13 
f 7. 3 e 4.13.2 
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MINERALS AND METALS. 


MINERAL 


References for Explanation 

24a 

24e 

■e 

w 

w 

w 

N 

24e 

o 

K 





S 

« 



Name of Mineral 

liusition of I’ure 



•“•Jr 



S 


Mineral 




C8 

b 


6 

S(ei>hatiite.. . . 

5(Ag2S)Sb-i?3 . . 

I 


V 



7 

Stromeyentc.... 



13.3 




8 

Slptnbergite. . . . 

AgFeSx. 

4 

a 17 




9 

Kj-ainte ... . 

AgCuSe. 

5 





10 

I'ellnn.? silver. .. 



13 3. 




11 

Silver carbtmutc... 

Ag3C(>-[_ 


7.3 




li 

0 leusuoproliie... . 

AgFeAn. . . 

13 

d 8, 19 




10 

Aiiliiiioiiial silver 



3.2 




14 

Polybasjie. 

9(Ag(’u )(SbAH)S6. 



III 



13 

MyarKvrile... 

AgSbS. . 


...6 . 




1<> 

Lii(ht white silver. . 







17 

Silver bromiil. 







18 

Silver amalgam. , . 

Agllg. 






19 

Silver iodnl. 







2U 

Embolite. 

AgCIBr. . . 






21 

Freieslebenite. 

AgSbFbSr . . 






22 








23 

Sehapbachite. 

AgBiPbS,. 






24 

Stetefeldite . 

AgGuS^bO. . 






25 

Alaskaite . 

AgHtl'uPbSr . 






0 

Nickel . 

Ni, At. wt. 58.7. . 


... .a 2 .. 




1 

Millerite . 

NiS . 

7 

a8 

IV 



2 

NiccoUte . 

NiAs . 

f 1 

7.11 




3 

Breithauptite. 

NiSb. . 



III 



4 

(lenthite . 

NiSiOa+IIsO. 

1 

20 




5 

Garnierite .. 

NiSiOa + HaO: . 

..1 . 

..20.. . 




6 

Pandlaiidite . 

NiFeSa . 


a 7 




7 

White nickel . 

NiAsj . 






8 

Nickel glance. .. 

MiA»^4 . 

1 

3.2 




9 








10 

Plaoodine. /. 

^iiAsi, . 


a 16, 8.. 

VT 



11 

Nickel stibine .. . 

Ni,Sb,^s . 

1 

13.3 



• ••» 

12 

Green nickel. . 

NiAsgOfl. . 


20 




13 

Green nickel hy- 








drate . 

NIO + H9O . 

17 

c 20 




14 

Bismuth mckel. ... 

NixBiy . 


a 13.3, 2 




15 

Melonite . 







0 

Tin . 

Sn.Al.wt 118 7. 

ab 1.2 


11 



1 








2 


SnS . ... 

f 1 

7.3 




3 


SnSCuS . 




0 

Cobalt . 

Co, At.wt. 58.8 . . 


.3,13.2.. 




1 








2 






12 


8 

Cobaltite . 



a 10.2 



4 

Glaucodot .. . 

CoAsSr. . 


3.2 




5 

Enthrite. ...... 

'o^sG^ + HsO. . 

16,11,4 

...ej 11 . 

VI 

.2. 

. 3.11. 

6 

Daoaite . 







7 

Black oxid of co- 








bait . 

CoOOfMnsOs) .... 

' 10,1 

6 




8 

Cobalt vitriol. .... 

CoSO^+HaO .. 






9 

Ultramarine . 

CojAIgPaO# . ... 






0 

Antimony . 

8b, At. wt. 119 7.. 

..f 21. 

..13.2... 


. 1 , 
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MINERAL 


References for Explanation 

34a 

34c 

IS 

•f 

sj 

N 

34e 

0 


Fi>rinula or ('mn- 


Lusirc, 

E 

V 


^Jamo ot Mineral 

poMtion of Pure 




off 

& 


Mineral 




fl 








Uh 

0 



Sb. 

f3 ,1 
«». 7 

a 13.2 
a 13.4 



13.2 

2 

^Libnito. 

SbaSs. 

V 

T) 


3 

.Senarmuntite. .. . 

Sb-Mi. 

0 . 18. 1 

b 2,3, 10 

V 

2 


4 

Berthienle. 

Sb^^S.d'eSs. 


b 

Arsenical antimony 

SbjAsy.. . . 

. 18. I . 

a 10.2. 3.2 




6 

lied antimony. 

Sbr>l )nSb.jSa. > 

(> 

11 



iO.ll 

7 

Antimonate of lead. 

Sb 2 (U*b()+H 2 <) . 


d 8 . 3.20,0 



0 

Bismuth. 

Bi, At.wt.20S4. 

f 1 

a 10 2 . 

I. 

2 


1 

Bismuth, native. . ■ 

Bi .. 

f 1 

1 

a 10.2 

1 


10.2 

2 

Bismuthinitc.. . . 

Ill ,83 . 

4 

VII 


3 

Pucherite. . 

BiVo^. 





4 

Acicular bismuth, . 

BiPW'uS,. 


5 

VII 



5 

Tetradymitc. 

Bi 2 (TeS )3 . 

.4 . 




6 




7.19 

8.18 

VII 



7 

Bismutli-blende. . . 

Bi^iUs. 




0 

Arsenic. 

As. At. wt. 74.8 . 





1 

Aresnic, native ... 

As. 

{ C, 18 

a 3.2 

IV 


3.2 

5,0 

2 



f 1 

a 2 
d 11 

V 

Vll 

2 

3 

Healnar. 

Ass:. . 

4 

Orpiinent. 

AshS.,. 

c 4,1 

be 8 

\ 

»> 


6 

Arsen ohte. 

Asi.( >3 . 

14.17.20 

2 



0 








1 

IVrolusite. 

AlanKaiiite. 

Miib.,. 

9.7, 1 

... .. 

a 5,0 

V 



2 

Mn<>t)3 4- H‘>0.... 

1 





3 




a c 5, 0 




4 

Hausmanite. 

M 113 O 4 . 

2 (Mn() 2 ) + H 20 . .. 

1 

n 



5 

6 

Psilomelane. 

Bok manganese 

..14. 1 

... 21 , 0 .. 


10.18.6 




10 , 10,1 

jk 17.6 

12 

c 10.10 
ac 0 




7 

Rhodonite. 

MnSi’Oj. 

VI 

IV 

I 

2 

2 


8 


Mn(X >3 . 

15,1 


fl 


MnS. 


10 

Hauerite. 

MnSa. 




11 



1 

do. 18 


2 

9,4 

12 


MnFeP^.)7+H20 . 

VI 

IS 



10.8 



It 








0 

Chromium. 

Cr, At. wt. 51.97 .. 


....3.... 




1 



1 

ca 18.0 

I 


18 





c 

Mercury. 

Mercury, native.. . 

Hg, At.wt. 199.5.. 
Hg. 


a 13.2 
bj 11 
a 2 




s 

HgS. 

10.1 

IV 

I 

2 

.11 

•i 



i 

Metacinnabaritc... 





1 

Horn quicksilver . 

HgCl.. . 


...b 3 . 7 .. 

. 11 . 



( 

Iodic mercury... 
Selenid of mercury. 

Gold. 

Hgl. 




3 



13.5 




0 

Au, At.M’t. 190.8.. 





] 



ab 1 

a 9 
a2 

I 



2 





8 


Au^SbAPbuTe,.. 
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MINERAL 



Streak 
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MINERALS AND METALS. 


Befcrences for Explanation 


I ’*21 

34a 34c 5 3 34e 


I‘’ormvila or (’oni- 
Name of Mineral position of i^ure 
Mineral 


Lustre, 
B i Color 


4 Claustlialite . . . I’bSe,. ., 

5 Lelirliachile. llKPbSer 

6 Zorgite.(’uPbScx.. 


OSilicon . 

0 Silica. ■ . 

1 Quartz . .. 

2 Rock cry.stal. . ■. 

3 Smoky quartz.... 

4 Aiuetiiysi. 

5 Rose quartz. . . . 

6 Aveiituniip quartz 

7 Cat .s eye . .. 

8 Tiger's-eye. 

9 ('liaiccdoiiy. 

10 Agate. 

11 Caniehaii. 

12 Onyx . 

13 Sardonyx. 

14 Prase. 

15 Chrysojirasc. 

16 Heliotro|)ft. 

17 Jasper. 

18 Flint. 

19 Horusione. 

20 Chert. 

21 Basanito. 

22 Lydian stone.. 

23 Touchstone. 

24 SiUcihed wood.... 

25 Opal. 

26 Fire opal. 

27 Harlequin opal... 

28 Milk opal. . ■ • 

29 Ream or wax opal 

30 Jasper opal. .. - 

31 Wood opal. 

32 Hyalite. 

33 Oeyserite. 

34 Infusorial earth.. 

35 Feldspars! 

36 Orthoclaso. 

37 Albite . 

38 Anorthite .. 

39 Labradnrite. 

40 Hyalopbane. . . . 

41 Leucite. 

42 Sodalite . 

43 lyapis-lazali. 

44 Nephelite . 

45 Eolite ... • 

46 Oancrinite. . 

47 Pyroxenes.. .. 

48 Diopside. 

49 Salite. . 

50 EHalli^e. . .. 


ISi. At wt. 28.4.. 
LsiOs. 


KAlSisOs . 
NaAlSiaOs. 
Oa-’MsSiaCH. • •• 


BaAlSiO,. . 
KAISirOk 
NaAlSijOs 
CaNaAlSitrOj . 
KN&AjSi-V),. 

KNa(CC:.)n 
-f-AlSiAMIjO 
CaMgSi:;Oh. 


0. 6. 1 

III 

c 1 

III 

c 6 

III 

c 13.23 

111 

.c 10 

III 

c 4. 17 
cd 13. 4 

III 

(1 3. 13' 16 


lin 25 


11 


25. 16.2 
2.5. 16.2 
c 19. 20 


rii 11, 21 

jlni 18 
0.3,17.6 
0, 3. 17. 6 


i6' 


i 6 


i 6 


h 25 


8.11 


<! 3.20, 2 


1 3,17.6 



1,3,18 c 17,11.2.0 VI 2 
fl.3.18 c 2,3,10.13 VII 
1 VI] 

1 c5. 17. 19 VII 2 


CaMgFeSinOT. 


d 13 

c 18, 20 VI 
3.19.2 
d 4.19 
...20 . 
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MINERALS AND METALS. 


References for Explanation 


Formula or <'om- 
Name of Mineral jiosiiion «>f Pure 
Mineral 


51 (^)eolito. . 

52|Augite. 

SSjHornbletide . . 

54, EuKtatite . .. 

55. Hvper8tene. 

56 Hronzite 

67 SrHxlumeiic 
58:Hi(l<lenite .. . 

59 Wollafltonite . 

60 Amphlbole. 

61 Tremolite. . 

62 Actinohte. 

63 Ncpbnle .... 

64 Jadcite... 

65 Asbestus . . 

66 Mountain leathe 

67 Crociilolifc or . 

68 Blue asbestus.. 
69| Beryl . 

70 Aquamarine.. . 

71 Pjtneraltl. 

72 Chrysoberyl. 

73 Kuclase... . 

74 Thenavife . . 

75 llenjorite. .. . 

76 Beryllonile .. 

77 Garnets. 

78 Orossularite. . 

79 Pyro|>e . . 

80 AlmanHite . .. 

81 Spef»«artite ... 

^ Andradite . 

83 Uvarovite.. . 

84 Cinnamon stone 

85 Hessonite. . . 

86 Hehnte . . 

87 Danalile. 

88 Eulvtite ... . 
89Xunyite . . . 

90 Micas . . 

91 Musconie. 

92 Biothe. 

93 Lepidomelane.. 

94 Phlogopite . . 

95 Lepidniite or . 

96 Lithium mica. 

97 Vermiculite. .. 

98 Marsarite oc. .. 

99 Pearl mica.... 

lOOOttrelite. 

101 Hnite. 

Chlorites t 

103 Clinochlore or 

Clintonite. 

108 Pennihite. 

104 Chrysolite. 


(’aMKl’eRi„0, 

CaMgFeAlSuiO, 


CaSiOa. 

CaMgAlFeSitiO/. 
CaMgSi-iOj. . . 
(UMkAISinOj.. . 

MgRi<>T , 

NjvAlSh,(L 

(’aMgSi^O,.. . 


(JlaAlrtCrSihCig 
(llAl2t)4 
(}lAlt''Sl«()r. . . 
(J|..Ri()4. . . . 
ClPO, . , . 


(^a 3 AI..Si 30 ,j.... 
MKaALSi.,f>,2. . . , 
Fe lAU'^iat >12. .. 
Mtl3.4r2Sl3(h2. . . 
('a.iFe2Ri3<h2- •• 
CaR('r2.RiaOi2. • 
CasAljRiAa- • • • 


(llMiiFeSinO,.. 
(;iMnFeSi«Ot . 
Hi8i«0, . . 
AIFSUO,. 


MeAlFeSinO,.. 
, KAlFeSin_ 



• iMiErFeaSiOi 


24a 

24e 

*9 

oa 

Lustre, 

Color 

C'ry«t. 

System 

Fracture 

f IS 

19.2 



6 . 21 

VI 

2 .7. 6 

c 0, 2-6 

VI 2 

.4 

ae 3.6 


4 

aft 19.18,21 



e3, 19 

2 

t 1 

e2 

VII 2 


. .21.. 

VI . 

20 

3, 19,2 

VI 

20 



e 1 

cl9.13.2 


..8. 

•f 19.2 


4 

3.2 


f 

c 13.19 

III 

.f 

.3.19,13. 

.III 

f 

c 20 

Ill 6 


c 20 

V 

f 

c 19 

VII 2 


c 1. 16.10 

IV 

f 3.18,1 

c 12 

I 2 

I 

18 




..12 .. 

20 

11.17 

7.17 


e '4. r 

c 0.21,6 

6 

Vi ’2' 

3.1 

.. 10.23 

VI ... 

3 



3 

e3.2 

in 


c 4,19,16 

III'" 

f 4, 1 

a,c 11.17 

VTI 

18 

7,3,20 

V 2 
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d 'C to ■ w Acids Heal TuIwh 

. ’5 E ^ g , f j, ,» ,, , “ ('olor 

'to fiei f Action (ol r CliaiiKC ( olor c- 

aj O S Mnrl. Sltii. Mnrl. FI. S h (< 

51 b 3.3 22 1 

62 3.4 22 

53 5 5 3.2 

54 

55 ... .2 4 . 

50 3.2 22 3 20 

67 b 0.8 3.1 9 1 


Tu1)ch Bor.&Phfw Reads.Subl- 


09 ab 7.8 2 7 

70 • 7.8 2.7 

71 7.8l 2.7 

72 ab 8.51 3.0 

73 ae 7.5, 3 


90 . 

91 ab 2.3 2.9 

92 
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MINERAL 



References for Explanation 

34a 

24c 

•0 

N 

et 

e 

s 

1 

S4e 

d 

Z 

t 

Name of Mineral 

Formula or C’om - 
position of Pui-e 
Mineral 

Cond. 

Stretr. 

Lustre, 

Color 

Cryst. 

System 

Color of 
Streak 

105 

Uoltniiitc. 

MdAlFeSi.O,. 

18.1. 

. c 7,13.4 


2 


lOit Zircon. 

ZrSi<)4 

18 

d 0. 17.11 

11 

0 


107 I'lionte. 

TIi.Si()4 + I1A* •• 


c 0 












Hrapolites t 







100 

Hcapolitc. 

('..AI.Si.O.+H,0 . 


eO.13.10.2 

II 



110 WorneiilAj. 

(’aNaAISi„0,c.... 






Ill Meioiiitc . 







U2,Dipyrfi . 

L'aNaAIHinOi.... 






113 Manulite. 







114, Ve.su viiuiito. 

CaAlFeSkO,., ... 

18, 1 

7.17 

11 


1 

115 Epiilole. 

“ .... 

/ 0.18,1 

07.20,7.17 

VI 

2 

. 1.. 

110 Allaiiite. 

“ .... 






117 Zoi.site. 



4.17 




118 Tourmaline. 

MgAIFeHSiNO*.. . 

f«, 1 

c 25. 18, 0 

IV 


1 

119 llubellite. 

LiAlHSi«0^. 

f (). J 

11 

IV 


1 

120 Topaz. 

\lFSi„0^. 


c 10, 13,7 

V 

6.2 


121 Danburite. 

t'aliSivOv 






122 I 0 HI.C. 

MtfAllVSlnO^_ 






123 Keilhauite..... 

iVi'i . 

1 

Ifi.fi 


0 

3.17 




bO, 3.17. 6 

VI 

2 


125 Aniialusile. 

AI..Si()f,. 


•k 4 . 8 . 12 . 

V 

2 


120 Cyunite. 

.\l..Si()r.. 

f 7 '■ 

0 0. 1.3. 2 

VII 

2 






VJ 










129 

Axinite . 

('aTlll?AIFrSi«Oi. .. 

f 

0 21 

vrr 



130 

Staurolite...... 

MKAIFeSinO,,. 


1 - 21 , r. 

V 



131 

Chu.ujrodife..... 

MgFeFSinOj. 

18 

c 0.8, 17 


4 










133 

PrehnUe. 

('aAlSi.Or + lfsO, 

10, 14 

0 19.1 

V 



134 

Apophyllile. 

raKFSinOr + HsO 

4. I 

c 0. 8. 2 

11 

2 


135 

Pectolite. 

L.‘ajNa«i8i6t)|7 + 








il2(>. 

7 

c0,2 





Zeolites: 







130 

Zeolite. 

CaAlSi,O, + H?0 . 






1:17 

Tiio nsonite. 

raNa\ISi„0,H«(). 

f 2. 9. 1 

...c2 .. 

V. 



138 

Natrolifo. 

NaAISuO^+IIjO . 

f 11.15 

c 10.3,2 

V 

2 


139 

Scolecite. 

(’aAlHuO^ + IM) . 






140 

An kite. 

NnAISUO^+IIaO. 


c 1,2, 3.2 

I 



141 

Chabazile. 

CaKAlSi«0,H20.. 


c 11,7,2 

IV 

2 


142 




...,11.,.. 




143 

Phacolite......... 

do. 



iii 



144 

Ilaydenite. 

do. 



VI 



145 

(Imelinite. 

do. 



IV 



14H 

Stilbite.... 

0aNaAISi«O,HsO. 

6 

0 3.11,2 

11 

2 


147 

Harmotome. 

BaAISinOr+Hot) . 


. c 3, 8, 2. 

.V. 



143 

PbillipHtte. 

CaAlSkO.+ HgO . 



V 



14U 

Heulandite... .... 


f 

c3.10,]6.2 

VI 



1511 

Laumontite....... 

** 


« 3,7,2 

V 

2 


151 

OUgoolsse. 

CaKNaAlSinO,... 
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rs Refer 


Minerals and metaLs. 

31. ORES AND MINERALS. 
Useful for the Production of Metals. 

AND OP Substances lOMPLorEo in V.ariodb Industbies, 


Name of Ore. 
DifTereiit Naine.s 
gag untler the same Num- 
ZH” ber refer to tlic same 
6 o Ore 


I'er 

Formula (^nt 
Metal 


I^tailic or other Product 
from Ore 


Iron* 

Iron sesquioxid FejOa 70 Reduced directly (or in the 

Hematite, red ochre case of hydrates and car- 

Red (»\i<l 4)f iron boiiatcsoftenafterprelim* 

Specular iron inary roasting) in blast- 

iron glance furnaces with coke, and in 

some cases with charimal 
Magnetite, load.stone Fe >{04 72 4 with the addition of flux, 

Magnetic oxul of iron mostly limestone. The 

product pig Iron, of va- 
Limonite, bog ore 2Fe20331l20 59.9 rious qualities determined 

Brown hematite by the proportion of car- 

Brown ochre bon,silicon, sulphur,phos. 

Brown oxid of iron phorus, manganese, etc., 

combined with it, is re* 
Siderite. thomaite FeCOs 48.3 melted and, depending on 

Iron carbonate quality, cast into molds 

Sfiathic iron ore to form castings, or sub- 

Clay iron stone iecled to the process of 

Black baud fining and puddling, 

forming wrought iron, 
to the Bessemer and 
open-hearth process 
forming steel for rails 
and beams 

Charcoal wrought iron, by 
cementation and subse¬ 
quent melting in crucible 
is converted into best 
tool steel. 


Galena, galcnite 

Lead sulphid 

Potter's ore 

PbS 

86.6 

Cer^ite, white lead 
Ledn carbonate 

PhCOs 

77.5 

Anglesite 

Lead sulphate • 

PbS 04 

67.7 

Pyromorphite 

Lead phosphate 

SPbaP^s 

-hPbaa 

76.3 


Metallic lead is reduced in 
various ways in blast and 
reverberatory furnaces or 
on hearths almost exclu¬ 
sively from galena. 

The product plg-lead 
when conteminatM with 
other metals, principally 
rilver, which is subse¬ 
quently extracted, is re¬ 
fined. The pigment, 
white lead, is pr^uced 
from the pure metal by 
corrosion and comluDa 
tiem with carbonic acid. 



USEFUL ORES AND MINERALS. 


USEFUL ORES AND MINERALS—(Con/inucd). 




Pure Ore 


Itef. 

No. 

Name of Ore 
or Mineral 

Formula 

Per 

Gent 

Metal 

Metallic or other Product 
from Ore 

1 

Copper. 

Native copper 

Cu 

100 

Jl/c/all7c copiier is mostly 

2 

(^balcocite 
(V>p))er glance 

CuS 

1 79 8 

reiiuced from sulphids by 
preliininarv roasting and 

3 

lie<i rutiutc 

Vitreous copper 
Hornite, Erubeacite 
.Sulphid of copi>«r and 
iron 


1 

r>5 5 

(hen treatment in rever- 
berat ory or b 1 a s t-f u r- 
iiaees, producing malte. 
from which, by a serie.soi 
roastings and meltings, 

4 

Ilorse-flcsli ore 

Purple copper 

Peacock copi)er 
Variegated copper ore 
Chalropynte 

CuFeS-. 

.'{4 r> 

blister roppir, is obtained. 
From this, by refining, 
fomniernul copper is pro¬ 
duced. 

Goplter ores containing 

6 ' 

Oonjier jiynto 

Siilplnd of cop|>cr 
Fool's gold 
Tetrahetliute 

4((’u.i5jyivS, 

30.4 

t>niicitially oxids and 
! carboniiles of copfiermay 
l>e Icachwl with dilute 
uckIs 'J'hcsolutionsevap- 

6 

Gray copirer 

Sulphid of antimony 
and cop|)er 
rii|>orile 

(h]/> 

88 8 

orated will deposit cop- 
I)cr salts oi industrial 
application, aa copper 
sulphate or blue vitriol, 

7 

lied ropfier ore 
Cuprous oxi<l 
Malachite 

Cu.x:()di2G 

57 4 

copier chlond and by- 
droxid. 

Malachite in selected 

8 

Green carbonate 
Azurite 

('U;{(X>f,Il->() 

55 2 

sfiecimens can be worked 
into oiuamental articles. 

9 

Blue carlionate 
Cliryscolla Cu 

SrO:,-i-2M4) 

30 ] 

t'<ipi>er sabs, e.special]y 
the sulphate, are of ex- 

10 

Diopta«e 

CuSrOsHiX) 

40 2 

tensive industrial appli- 

11 

Emerald copper 
Enargite 

Ci1;{AsS4 

48.3 

cation, in dyeing, in 
ealico-tiriiiting, and es- 

12 

Meluconrte 

CuO 

79.8(5 

jieciallv in electric eop- 

14 

Black o\id of copper 
Black copfier ore 
Chalcaiitite 

CuSO^ 

39.0 

r>er-pla(ing. Sulphate 

fias Ijeen employed for 
the preservation of wood 

1 

Blue vitriol 

Zinc. 

Sphalerite 

ZnS 

07 

and animal substances. 

MelaUic zinc i.s reduced 

2 

Zinc-blende 

Black-Jack 

Fali^ lead i 

False galena 

Zincite 

ZnO 

80.3 

with coal from its ores, 
mostly subjected to a 
previous roosting, in re¬ 
tort .s closed at one end, 
in the form of ^apo^, 

3 

Red oxid of zinc 

Red zinc ore 

Gahnite 

ZnOAlaOg 

34.8 

which condense into 
liquid in the iron pifie 
connected to the 
end of the retort. This 
metal, without nnv fur¬ 
ther refining, is mdus- 

4 

1 Zinc spinel 
, Automolite 

Willemite 

Zn-iSiO^ 

58.5 

5 

Silicate of zinc 
Calamine 

ZiiaSHhHoO 

54 2 

tnally employed as an 
alloy with cop|>er, pro- 

6 

Hydrous zinc silicate 
Electric calamine 

Zinc carbonate 

Zn (/03 

59 9 

during brass. Jt forms 
almost without ex<epiion 
the negative pole of all 


Smithsonite 

Dry-bone 

i 



cl omu'ul electric bat¬ 
teries. It is employed 
as a preservative against 
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USEFUL ORES AND MINERALS—(Confinued). 




I’ure Ore | 

Ref. 

Name of Ore 


Per 

No. 

or Mineral 



Formula 

Cent 

Metal 



iUumlniam* 




Corundum 

AlA 


2 

Ruby 



3 

Sapphire 



4 

Onentol amethyst 



5 

Oriental topaz 



6 

Kmery or corundum 



8 

Bauxite 

AlaOaSHaO 

34 G 

9 

Gibbsite 



11 

Chryso beryl 
^t'^s-eye 

BcAljO^ 



Alexandrite 



12 

Cryolite 

Fluorid of aluminum 

AlFaSNaF 

12.8 


and sodium 



14 

Kaolin 

AljSiOe 


15 

Turquois 

AlPOjHaO 



Silver. 



1 

Native silver 

Ag 

100 

2 

Argentite 

Sliver glance 

Silver sulphid 
Sulphuret of silver 

AgjS 

87.1 



3(Ag.SXSb2S3 

59.8 

8 

Pyrargyrite 

Dark ruby silver 




Dark red silver 

3{Ae2S)A».S3 


4 

Proustite 

Light ruby silver 

Light red silver 

0.5.5 

75.3 



5 

Oerargyrite 

Horn silver 
Monochlorid of silver 

Aga 


6 

Stephanite 

Brittle silver 

Sulphuret of silver 

5(AB»S)SbA 

68 5 


and antimony 

AgCuS 

53 

7 

Silver copper glance 
Sulphuret of silver 
and copper 
Strotneverite 




55 

8 

Sulphid of silver and , 
Iron 

Stembergite 

AgFeS 

AgTe 

46 3 

10 

Telluric silver 

Hwisite 


47.4 

13 

Antimonial silver 
Dyserasite 

AgSb 


14 

Folyl^te 

Sulphid of silver 

9(Aj^)(. 

{As^>Sflf 

50.6 


Metallic or other Product 
from Ore 


corrosion, as a coatmg 
for sheet iron, which is 
then known as gal* 
vanized iron. 


jxhe minerals 1. 2. 3. 4,11. 
and 15 when crystallized 
and of proper color are 
ground into shape for 
jtrec ous s/oneji an<l em¬ 
ployed in jewelry. 

() in amorphous masses 
IS reduced to powder and 
fine sand and used as 
an abrasi^'e and for 
polishing 

Metallic aluminium is re- 
reducetl from 8, 0, but 
principally from 12. by 
various processes, among 
which reduction in elec¬ 
tric furnaces is one of 
the most successful The 
fundamental material for 
pore lam is found in 14. 


Native silver in nature ia 
generally found inter¬ 
mixed in quartz which in 
addition may contain va¬ 
rious other silver com- 
pouuds The quartz is 
reduced to a sandy milp 
by stamping or crushing 
between rollers and the 
native silver is extracted 
therefrom by amalgama¬ 
tion. 

The portion of this ore 
which i.s not directly amal- 
gamable is mecbanteally 
concentrated and together 
with other similar ores 
roasted an<l then either 
amalgamsted or treated 
by one of several solu¬ 
tion and precipitation 
processw. 

|The amalgam of silver ie 
freed from l,he mercury 
by retorting or distilla- 
ti<m of the m'ercury from 
I the silver 

I The precipitated metal 
' from solutions is dried, 
compre^ied, melted in 
crucibles and cast iiito ia- 
got molds. 
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USEFUI. ORES AND MINERALS—(OorUinwrrf). 


Metallic or other Product 
from Ore 


Ref. 

No. 

Name of Ore 
or Mineral 

Pure On 

Formula 

D 

Per 

('em 

Metal 

15 

Antimony and .arsenic 
Miaigyrite 

AgSbK 

41 r. 

17 

Sulphul ot siber 
and antimony 
Hromvrile oi sihei 

Aglir 


20 

Kmbolile. clilorobro 

Agt’lHr 


19 

myl of silver 


40 

22 

\ei 

Pet/ile.lelluiid of sd 

Agl 

(Ag\u)lV 


1 

\(‘r and gold 

(iold. 

Gold, natne 

All 

lUO 


(iuoeii.‘'laiul native 
Bold 

Aiistialuiii, a'eiuEi* 

('ahf< >1111:1, axeiaBc 
l^iladu: gold, axorage 
Puipezilo gold, a\et 
Mahlomie, Roiil axei 
Amalgatn, iiulivo 

Svlvaiiite 

Petzite * 

NagyaKite ^ 

(•ulaveiite 

Mullcrifo ^ 

Aiirifeious pyrilen 

Ptatiniini. 

IMatitium. ludive 
Sfier.vlite 

Iridhiin. 

Jriilium, imtivc j 

Tridosiiiinc 


Mercury. 

Mercury, native quick¬ 
silver 

Cinnabar ^ 
Mercury sulpliid 
Natural vermilion 

Amalgam, native 


AiiAgTow 

(AuAg)..Te 

AiiAgt'uPIdV 

AllTo 

AuARphTc 

I'eSa+Au 


Solid iiH's from pure silver 
satiMuo employed 111 phn- 
togiapiiv. m eleetroplut- 
ing and to a limited ex¬ 
tent m otliei and in* 
<|ii''(nes 

'rii<“ iiK'tal used forugreut 
MU let \ of usidu) ami or¬ 
namental articles is ul 
lo\ed generally with cop- 


Walit'e {jolfl is mostly found 
ass<H*iated with silver in 
Miuous pMipoiiionK. in 
the gtaM‘1 and sands of 
old oi actual rivei Iwjds 
and in (luaitz \euis run¬ 
ning geiieiullv through 
gianite meks. In the 
g>a\ei and .sand it is found 
as dii't and iMTasionally 
as nuggets of vuiious 
Sizes In quaitz the gold 
|s disseiniimled through 
the lock, but in some rare' 
ease.s miiv l*e found in 
mtisses sometimes of con¬ 
siderable size. Natural 
alloys of Bi>ld with other 
inohils Ilian silver can 
only i)c found as rare 
specimens ot mnieralogi- 
eal interest. 


\Plnhnum and Iruitum are 
•dO ! foiiml in '-iniilar fonpa- 
j lions IIS gold. 

TIaliniim m almost exclu- 
lon ' **’' <*hcmical 

I nppaiatus, and as con- 
j <|ucttng wjies in electric 
I gins- lamps 

'An alloy of t»latimim-irid- 
; mm constilutesthemate- 
i rial of the international 
' standards of measure- 
1 rnents I ridium has been 
used for lips of gold pens. 

• mtrairy in small 

I quantities is found dis¬ 
seminated in a porous 
on o Intiiminous substance. 
■’ The principal ore is cin- 
I nabar, from which the 
1 mercury is obtained by 
68 ! distillation. The metal 
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USEFUL ORES AND MINERALS-(COT!<jnuc<0. 



Pure Ore 

Name of Ore 


: 

ot Miueral 


Per 


Formula 

(Vnt 

Metal 

Tin. 



Cassitcrite 

I'ln-stone 

Tm dioxid 

S 0 O 2 

78.7 

Manganese. 



Pyrolusite 

Pnhanite 

Black uxid of man- 



ganese 

Mangane.se dioxid 

MnO» 

fl3 

Maugamte 

Manganese hydrate 

MnjO.jIIjO 

32 5 

Brauiiito 

Manganese sesguioxid 

MtijOa 

39 6 

Rhodonite 

Manganese silicate 

MnSiOa 

42 

Psilomelane 

2{Mn0..)H20 


Rhodochrosite 
Manganese carbonate 

MriWa 

47 8 

Albandite 

Mt)8 

03 2 

Hauerite 

Mu 82 

46.2 

Tiplite 

MnPO 

64 

Chromium. 



Chromite 

FeCr304 

46.5 S 

Crocoisite 

Crocoite 

PbCrjtJ, 

27 7 

Nickel. 



Millerite 

Nickel pyrites 

NiS 

64.3^ 

Sulphurct of nickel 
Capillary pyrites 



Vipcolite 

NtAs 

44 f 


I Metallic or other Product 
from Ore 


is extensively used in* 
dustrially, and for physi¬ 
cal mstrurneiits. Some 
chemical compounds are 
used in medicine and one 
is in use us an explosive 
known as fulminate- 


compatiicd hy iron sul- 
phtds, and submitted to 
a preliininary oxidizing- 
ruaslme and then after 
washing and drying is 
reduced by heat w’ith 
coal The metal ob¬ 
tained is refined by 
repeated liquation Stan 
nates (tm salts) are used 
as mordants in calico- 
printing 


danganese dioxid is prin¬ 
cipally emjiloyed for the 
production of chlorin gas. 
One litre of pure dry gas 
at normal at mospheric 
preasure of 700 inm 
barometric column and 
0® C temperature is pro- 
duceif by mixing 3.98 
grm.s of^ MnOa with 25 
to30 cubic centimetres of 


in various proportions is 
employed principally as 
deoxidizing agent. 


ore is considered as the 
market standard. The 
Cr^h forms a green pig¬ 
ment. chromates and 
bichromates of fK>ta.*«a 
are oxidizing agents in 
dyeing, canco-priDting, 
electric batteries. 


occur in nature nea-ly 
always associated to¬ 
gether 
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Pure Ore j 

Name of Ore 
or Mineral 

Formula 

I 

Per 

Cent 

Vletal 


Copper nickel 
Arsenical nickel 

3 Breithaiiptite 
Antioionial nickel 

4 Geutbiie 

5 Garnierite 

6 Fentlandite 

Cobalt. 

1 Linacile 
Cobalt pyrites 
Sulphurct of cobalt 

2 Smahite 
I’in-white cobalt 


5 Erytbrite 
Col)all bloom 
Arsenate of cobalt 


NiSiO-iHuO j 
NiSiO., i 
Nil-’eS^ 


USEFUL ORES AND MlNERALS-CContiwi/^rf) 


emeraUI-green color, they 
have a sweet tui-te 
winch soon becomes 
29 acrid and nieiolbc. 

3S.5 (Cobalt salts have a peat'fa 
bloom reddish cojor 
The se|)aration of nickel 
2 }^ from ci»balt is produced 
in various wa>». Sul- 
phids and arceiiiils of 
nickel and cobalt may 
be oxidized by roasting, 
the oxids dissolved m 
liydr x'loric juid. the 
28 2 solution ev,'i|)orated to 
dryness, redissoheci in a 
. ^ little water to which is 
•in •> H<ldc<| a concentrated 
solution of potassium 
nitrite with an exc'CHs of 
tioetic acid ('oball is 
llieicby precipitated as 


tier Filter and wash 
with ammonia water; 
add [rotosh solution to 
the filtrate, which pre¬ 
cipitates all the nickel 
therein 


Reticrally foiiini crystal- 
liised as Iona ((lay needles 
with a metallic lust le 
A nutiibcr ot salts of anti¬ 
mony are ui importance 
III medicine, like tartrate 
of atitimonv and tartrate 
of antimony and potas 
slum, an emetic 
The rnctal is extensively 
employed as an alloy, 
principally with lead, to 
which tin. eopjiei. and 
zinc may be ^ded in 
various proportions 
A band of iron or of zinc 
plunged in a solution of 
a salt of antimony, will be 
covered by a film ol the 
metal 


III the native state Bul- 
pliids aie comparatively 
rare The metal alloyed 
in vanuus proportions 
with lead and tin forms 


Black oxid of cobalt 
Earthy coluilt 

('oOMn>< >3 

25 a 

Cobalt vitiiol 

(oSO/dljO 

22 1 

Antimony. 
Antimony, native 

Sb 

too 

Stibnite 

Antimouito 

Antimony glance 

Gra^ antimony 
Antimony sulphid 

SbsSa 

71 4 

Senarmontite 

White antimony 
Valentinite 
Antimonious oxid 

SbjtJg 

83.3 

Berthierite 

Haidingerite 

SbsSgFeSj 

52.6 

Kermesite 

Sulphoxid 

2Sb2.S3Sb20a 

75 7 

31 smuth. 

Bismuth, native 

Bi 

100 

Bismuthinite 

Sulphid of bismuth 

B 12 S 3 

81 

Middonite 

Bismutb-gold alloy - 

Bi.Auv , 
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USEFUL ORES AND MINERAT.S—(ConA’rmi’d). 




Puic Oie 


Mfif 

Name of Ore 



Metallic or (il.Iier Product 

No. 

or Mineral 

I'ormula 

PtM 

tVii( 

Metal 

fioin Ore 

G 

Uisnnilhile 

lll-A'< tr. 


very fu.Mblo alloys the 


Carbonate of Insmulli 



melliriK-poiiils of which 
may lie lower than the 


Urantuin* 



boiling-jxniit of water. 

1 



91.8 

f'Ucfi-bletKic IS the ore frond 




which railium has been 

2 

Tarbernite 

IK’uPO, , 


obtained. 

3 

Aut unite 

UCaPCr 


A pigment which colors 
gla.-s a briglit canaiy yel- 


Vana4iunu 



low, and wtiich i^ used for 
l>ainting poiceiam, is ob> 
lamed from the.se ores. 

1 

Vanuiiinite 

VPbOa 

10.7 

Vanadian black, for calico- 

2 

Vanadate of nopper 

(^uVO, 


printing, .salts for fixing 


Tellurium. 



colors on sUk. 

1 

Tellurium, native 

'I’e 

1(K) 

Tljcrmoelect.ric batteries. 

2 

Herrerite 

ATHenic. 

TeNiCO^ 


af'o/,As/) 3 , is the 




main connnercial product 

1 


As 

ItK) 

derived from ores of ar- 

2 

Arsenopyritc 

Mispickel 

PeAsyl-'eSa 


sonic, which, however, 
consist mainly of com- 
jiounds of various metals 

3 

licalgar 

AsS 


with arsenic, arsenious 

4 

Orpimenl 

As-jSj 


acid being ohtaiiieil os a 
by-product. 

5 

Arsenolite 

AajjOa 



White arsenic 


Sulphur is generally Puri- 


Sulphur. 



fied from native sulphur. 
The best quality of .sul- 

1 

Sulphur, native 

S 

100 

phuric acid i-s prejtared 

Fel 

2.3 

Iron pyrites 
of all kinds 

I'VSa 

I'eSv 


from punlied suljihur 
Acid from pyrites is gen¬ 
erally contaminated with 


Selenium. 



impurities 

1 

Selenium, native 

Se 


In selenium the flow of 

2 

hhiearite 

Agt'uSe/ 


electric current varies 

4 

('iausthalite 

PbSe 


with variations of light 

5 

Lehrbai’hite 

HePhSeg 


G 

Znrifite 

CuPliSpi 



Hg7 

Selenul of mercury 

HrSc 


comes conductor of elec- 


Thorium, Cerium. 



tiioity in sunlight. 

Thl 

Thorite 

ThSiOiH.^) 


Thoria. TliO. with 2 per 

Ce 3 

Parisite 

Ce.XX)AH.O 


cent of Ccrio. CeO, are 

6 

Oryptolite 

(VI*0,, 


the substances said to 

6 

Cerile 

C«Rtt)-,Il.X) 


tirodiice the glow of the 


Strontium. 



Wellsbach mantles used 
over Bunsen gas-burners. 

1 

Olestine 

SrSO, 


Nitrate of sfronfta, pro- 

2 

Sulphate of si rontia 
Strontianite 

Carbonate of strontia 

RrCCa 


fireworks 

Nxtrate of baryta, io fire 


Barium. 



works, produces a yellow 

1 

Heavy spar 

Sulphate of baryta 

BaSO^ 


color. 

Otid ofbarium, or Barifia 
BaO, is extonmvely 
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Name of Ore 
or Mmeral 


Wil horUe 

(’aiboriate of barj la 
^launolunu 
iirucilo 
-MuKiieMto 

('ail)ona(u of iiuiKtio- 


Metallic or other iVoduct 
Pot from Ore 

(Viii 
Moliil 


I'jpMmiito 

'I'alc 

Sorpeiitme 

('anmllile 


Calcium. 

('aloilo 

Mutble 


6 Fluor-spar 
f* (i.vp.s\ini 
14 Hydraulic Htiic 


Sodium. 

1 Halite 
llwk salt 
Sodium chloral 

2 Borax 
Sodium borate 

5 Soda nitre 
Nitrate of wxla 

6 Tlienardite 


Potassium. 

1 Syhite 

'Chlorid of potassium 

5 Saltpetre 

Nitraje of potassium 

6 Potash 
Carbonate of potassa 


.MK(’a2((?0,) 

MgSO, 

jSid)||HJ) 

(St:.(>;2(ll.,0) 

Mk(’1-.K(’1 
+ 011 


(’a( U.i 
Cal'’^ 

('aS<b2lI->() 


in chemistry for the 
elimination of sulphuric 
acnl from solufious. 

besides the metal niagne 
Slum, winch is Kencially 
ledui-ed from 10, various 
(‘omjiouiid.s. as iiiaKiiesm. 
Mk<), form eomriicrciul 
' ailieles. 

' A'/wm/i sail, MgyOiTIIaO. 
IS a medical substaiue. 
Calnin-d dolomite is the 
mateiial used as Jiiiiug 
m tlie basti steel /rro<e8S. 
Tule in itM natural state 
IS \^oike<l into vanous 
ornamental artieles. and 
serpcnlirie is employed 
as an ornamental arthi- 
teetural stone 
Ciubonate of lime crystal¬ 
lized and transparent is 
known as caleite; crystal 
hzed massive from white 
t<) bloek, shaded in a 
areat variety ol eolors. as 
marble, is extensively 
used as an ornamental 
stone; amorphous, mas¬ 
sive m Its natural state as 
runldiiiK stoue, and eal 
cineii and miAed with 
water ami saiubasmortur 
tiO 0 (! y |i s 11 m ealeiued and 
ground to powder consti¬ 
tutes nlastcr of Pans.ai^ 
ealomed bydrauhe lime is 
known as ccnient I'roro 
fluor-spar fluor-hydne 
aeid IS manufaetured 
Rock salt is ti p fuiidanien 
fal material fioni which 
nearly all other soda com 
pounds call lie n aniifac- 
tiired; ehlotin and hy¬ 
drochloric acid are ob¬ 
tained from It 
Nitrate of soda is exten* 
sivelv employed for the 
man ufacture of nit rie acid 
• From natural potawsium 
compounds a gmat num 
her of salts are produced 
for industrial application, 
Saltpetre is an oxidising 
agent and asauchan ingre¬ 
dient of gun- and blasting- 
powder.and is used as raw 
t materia! for nitric acid. 



90 


MINERALS AND METALS. 


3». EXTRACTION OF METALS FROM ORES. 

METAIJ.ITUCJICAL ABSTRACT. 

Magnesium. 

Reduced from caniallite, Mgf'LKf.l + fiHjO, by electrolytic 
process and purified by distillation. It is a white lustrous 
metal, wliicli can be rolled into wire or ribbon. It is not affected 
by dry air, l)ut o.xidizes (piickly in the presence of moisture 
Combining heat of Mg + 0 = 146,100. 

Uses: For powerful light in pyrotechny and in photography; 
for dehydration of etliers, oils, and alcohols, its hydrate being 
quite insoluble in tliosc substances; for the rediiction of oxidf 
in niclbid metals, especially in nickel, sometimes in copper, 
German silver, and even steel. Is tlic most powerful and 
reliable reducing agent used in laboratories 

In the metallic fomi introduced in solutions of gold, silvei 
platinum, bismutl), tin, mercury, copper, lead, cadmium 
thalium, iron, col)alt, and nickel, metallic precipitates are 
formed. Iron, cobalt, and nickel so precipitated from slightlj 
acid solutions, wlieu washed, dried, and compressed, l»av( 
great brilliancy, may l)e completely dissolved in acids and an 
highly magnetic. 

Magnesium introduced into water containing in solution i 
little common salt, sal ammoniac, or dilute acid, evolves inodor 
ous hydrogen of great purity. 

Lithium. 

Reduced from anhydrous chlorids by electrolytic process. 

Used only in chemical laboratories, it is of no industria 
application. It is a silver-white soft metal, which decompose; 
water at ordinary temperatures. 

Beryllium or Glucinium. 

Reduced from beryl .(B(‘()) 3 Al 203 r)(Si 02 ), or any other bery 
compound, by an elaborate cliemical process. 

Of i|D special application in the arts. 

It is a soft, malleable, and tough metal of white lustre, whid 
in the form of powder, wire or thin ribbon bums in the air. 



EXTRACTION OF METALS FROM ORES. 91 


Sodium. 

Reduced by heat from anhydrous carbonates mixed with 
carbon, or by electrolysis, mainly from fused clilorids or hydrates 
A soft white metal wiiich alloys readily with lead, tin, and 
other easily fusihle metals, and forms amalgams with mercury 
Uses: It has lately lieen cin])loved in tlie manufacture of 
sodium [leroxid and of potassium cyanid It is in use for 
the production of chemically pim' hydroxid and is employed 
in the reduction of a number of oxids, and in the aniline color 
industry. 


Potas^iium. 

Reduced in a similar manner as sodium, but with more diffi¬ 
culty. 

It is a white lustrous metal; wlum fn^shly cut is softer than 
sodium. It emits a vapor of green color when heated above 
700® (' 

Uses: In chemical lalioratories it is prcKluct'd as a scientific 
curiosity. Industrially it has no application. Its chemical 
actions are similar to those of scKlium, only more violent. 

Calcium, Strontium, Barium. 

These metals are very difficult to obtain even liy reduction 
of chlorin salts by powerful electric currents. 

They are all of yellow color and arc of no industrij.l application. 

Calcium Carbide, a combination of calcium and carbon, is 
produced by electrolytic treatment of a mixture of quick¬ 
lime and charcoal in an electric furnace. It is used for the 
production of acetylene ga.s by dripping water on it. 

Aluminium. 

Grabau Process: Treat a solution of sulphate of alumina with 
cryolite according to the equation: 

A1;(S(\)34. Al,Fflfi(NaF) =2(A1jF,) + SfNa^SO,). 

The insoluble aluminium fluorid isffiltered, washed, and after 
being dried and heated to a dull-red heat is charged in a cold 
vessel lined with pure cryolite The proper proportion of 
sodium in a lump is put on top of the heated aluminium fluorid 
and the vessel is quickly covered up. 



92 


MINERALS AND METALS. 


Tlie reaction, with gront evolution of licat, will take place 
according to the c^juation: 

2(Al,IO +hNa= AL +Al,F/.(NaF). 

The ahitiiinium niellod to a reguhis will l)o found at the 
botton\ of th(‘ v(>ss(‘l c()\(‘rod with a slag of cryolite which can 
be us(‘d again for a rop(‘titi»)n of tlu^ oix-ration. Tlie aluminium 
RO obtained is unusually pim;. 

Electrolytic and (‘l(‘ctric lieating process: In an iron vessel 
with a lining of a pure refractory aluniiiiiuni compound (alu- 
inlna, crvoliP*), put as eh'ctrolyte a solution of alumina, Al/lg, 
in alkali cidorids and lluorids, or aluminium lluoiid Pnn'ide 
the vessel witli a car[)On anod(‘ and a cooled iron or steel catliodc 
The current deiisitN' is about 2 o amf)cres fHjr cm scpiare (Ib.l per 
8<j. in) of cathode surface at about 10 volts The solution 
should 1 m‘ ke[)t at pro]>er strengtli hv tlie addition of alumina 
as required Tlie tomperatun' <<hould l»e kept as low as possible. 

Aluminium sulphid produex'd in accordance with the chemical 
equation: 

Ay )3 +;ie+:is-:f ’o+ai^s,, 

dissolved in a fused alkaline elilorid, lias been proposed as 
electrolyte. 

The color of the metal is liluish white, with a higli metallic 
lustre. The atniospliere at ordinary tcrnperatnics Iius no 
action on it. Water, dilute organic acids, and nitric acid 
have almost no action on it. Sulphuric acid dissolves it slowly, 
but hydrochloric acid and caustic soda attack it eiicigetically. 

X^sest For all kinds of utensils in common use. In small 
quantities as deoxidizing agent in iron, steel, and copper found¬ 
ing. If in cast iron more than nxjniivd is added it ha,s a ten¬ 
dency to separate carbon in graphitic form. 

Cerium, Lanthanum, DMymium. 

The cerites in tlie metallic state are obtained from their 
fused chlorids by electrolytic process. 

Cerium, lU-arlv of tlie color of iron, is soft and rnalleablo. 
It combines witli copper and iron producing dense allovs. 
As filingg, scrapings, or tine \vin>, it can be burned, producing 
a brilliant light. 

Lantbaniim, of similar color, somewhat hard. 
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Did^miuni of a clear gray color is harder and less malleable 
than cerium. 

Uses: Of no sped,')! industrial use. They might be employed 
ho alloy witli other metals and to reduce tlieir oxids, if the 
raw material should I)C found to la' more abundant. 

Copper. 

The ore.s most commonly used for the extraction of copper 
arc the copiKT pyrites, l’u...d- FcjS,, and other sulphids of copper. 

The Welsh or Roastlna Process consists in a succession of 
roasting and calcining operations, and of melting and e.asting, 
thereby olit.-iiniug a gradual concentration of coiiper by the 
oxidation of most of the foreign matter and by converting a 
portion into slag. Bv this succession of operations blister 
copper, with otilv a sm.-dl ix'rci'iitage of inipitrities, is obtained 
This is subjected to tiiud relmiug by a|K!cial treatment in a 
furnace, or b\-electrolvsis in an acid sulphate of copper solution. 

The IJeruiaii or Swedish Itcduction Process consists in (1) 
roivstiug the ore; (2) niclliiig, obtaining a matte with 30 to 40 
per c'cnt of coi)|)er, called coarse metal; (3) roasting the coarse 
metal; (4) melting, obtaining a matte with liO to 70 per cent 
copper, Calli'd fine metal; (n) roasting the fine metal; (0) melt¬ 
ing, obtaining after casting black copper. 

Leaching Copper Ores and Furnace Products, —Oxids and 
carbonates are treated directly with dilute sulphuric acid or 
hydrochloric acid, or with chlorid solutions, other compounds 
are oxidized by we.atbering, or are subjected to a cldoridizing 
roast, or treated with oxidizing or chloridizing agents and 
dissolved in water or dilute acids 

From solutions of this kind sulphates or hydroxids are obtained 
by evaporation, or cement copix^r by precipitation with metallic 
iron, or refined copper is obtained from such solutions by 
electrolysis. 

BessomerliInK Copper Matte. —This operation is performed in 
a converter with acid lining, similar to the one employed for 
steel. The tuyeres, however, are placed at the side, and not 
in the bottom. The matte treated shtaild contain as an aver¬ 
age 50 to .55 per ei'ilt cop|)er, the extremes being 45 to 60 per 
cent. The blast pressure should be about 11 pounds per square 
inch. The result is blister copper of about 99 per cent pure 
metal. 



MINERALS AND METALS. 


Uses* The great variety, extensive and numerous employ- 
rtients in the arts and industries of this metal is generally so 
well known that no special mention of them need be made 
here. 


Silver. 

Silver ores, after Indrig pulverized, .are generally treated by 
amalgamation. Metallic silver is easily dissolved in mer¬ 
cury; silver salts and silver sulpluds are decomposed by the 
same metal. Other ores arc subjected to a chloridizing roast^ 
and witli the addition of a reducing agent the silver is sc‘parated 
by anuilgJiination with mercury and subsequent distillation 
of the latter. 

vSilver is separated from lead, Ist, by a process of concentra¬ 
tion (Patinson’s process), and subsequent cupellation; 2d, by 
concentration in molten and crystallizing zinc (Parker pro¬ 
cess); 3cl, by concentration in zinc with the addition of a small 
quantity of aluminium (Roesler and kxlelmann). In all these 
cases the silver is isolated by the distillation of the zinc. 

ZIer-VoKcl Process.- -Silver is separated from argentiferous 
copper matte by roasting so as to fonn copper sulphate, crush¬ 
ing, and re-roasting so as to form liy double decomposition 
silver sulphate, (hs.solving in hot water and acid copper-sul¬ 
phate solution, finally precipitating the silver Irom tliis solu¬ 
tion by metallic copjrer. 

Augustin Process.—Silver ore is treated by a chloridizing 
roust, the silver clilorid formed is dissolved in a concentrated 
solution of sodium clilorid; from this solution the silver is 
precipitated by metallic copper. 

Patera Process.—The silver clilorid is dissolved by a sodium- 
thiosulphate (hyposulphite of soda) solution, and is converted 
into silver sulpliid by the addition of sodium sulphid. 

Kiss Process.—^I'he solvent for tlie silver chlorid is a cal¬ 
cium tliiosulphate solution and silver sulphid is obtained by 
adding a calcium sulphite solution. 

Bussell Process.—Tlie roasted and chloridized ore-pulp is 
leached with water anrd tlien lixiviated with a \\ to H P©*" 
cent solution of sodium hyposulphite (sodium thiosulphate), 
dissolving the silver cldoiid, Lead contained in the solution 
is precipitated as carbonate of lead by the addition of pure 
carbonate of soda. From the decanted solution, silver sul- 
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phid 18 obtained by the addition of sodium sulphid. Any 
residue of silver in the ore differently combined than chlorid 
is dissolved in a solution of a double salt of sodi\im sulphate 
and copper sulphate. From this solution the silver and cop¬ 
per a,re precipitat(‘d ns silver sulphid and copper sulphid by 
the addition of sodium sulphid. 

The filf-cred precijiitate of the two operations liefore com¬ 
pletely dry is treated with sulphuric acid with the addition of 
sodium nitrate, producing (juitc a violent reaction. Gold or 
silver chlorid will not dissolve. The silver is precipitated 
from the solution by metallic copper. 

Wet Assay ot Silver. 

Dissolve in nitric acid, evaporate to drjTiess in presence of 
sulphuric acid Dissolve in boiling water and imnK‘rse imme¬ 
diately a plate of cadmium in the solution. The compact 
black-gray precipitated mass siiould then be boiled in the 
acid water until hydrogen ceases to be evolved. Wash free 
of sulphuric acid, decant, dry, and calcine, giving thereby 
the silver its metallic lustre, and weigh. 

Electrolytic Silver Refining. 

Moebius Process. —The anodes are made of silver plate of 
95 to 98 per cent pure silver, with various proportions ot other 
metals such as copper, lead, zinc, tiismuth, etc They are sur¬ 
rounded by tight canvass stretched over wooden Irames. The 
cathodes are made of a thin silver plate, on each side of 
which strips of wood projecting from a moving frame are kept 
in motion, so as to detach constantly strips of silver crystals 
which form on the cathode' These fall to the bottom on a 
filtering-cloth stretched below the cathodes in the wooden 
box containing the electrolyte Tlie electrolyte consists of 
a weak acidulated solution oi silver nitrate contained in a 
wooden tank of rectangular form, strongly assembled and 
flaade water-tight and acid-proof by a coating. 

Borcheris Process.— The anode con^sts of granulated alloys 
containing about 60 per cent pure silver. The cathode of 
sheet silver is suspended in a cell with perforated double walls 
on both sides, with close-filtering material inserted between 
the double walls cn each side. The bottom of the rectangular 
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tank containing tlic electrolyte is hcvelcd and the granulated 
metal of tlie aiifwle is (illed in Iw'twecn ilje (Uid'walls of the 
tank and the doul)le walls of tlie cell containing tlie cathode. 
The condueton; of llie anodes are lods of the same compo¬ 
sition as tile gmnulated metal 'Die eh'ctrolyte of dilute nitric 
add or <tf a solution of nifrafes, prelVralily of coi>t>er nitrate, is 
introdiie(‘d in tla? cell and fl(i\vs fliroijgii an opiuiing in the 
botfoTii of tlie cell to the l>cveled hr>ttoin of (lie lank, and then 
up through the granulated ailo.N to the top, where it is dis¬ 
charged tlirough a })i])e and eolh'cted lor furtlu'r treatment, 
for the separation of tlie dissi.lved metals and impurities carried 
away. 

Fscs of Silver.—Ihire silvi'r is almost exclusively used for 
chemical compounds emploved in ])lio(ograpli\, electroplating, 
etc In (lie arts it is g<-nera]l\ (‘iiiploMd alloy<‘(l ^\Jtll various 
percentages of copper. In tliis conditioji it is funned into 
a variety of objects of art and huuseliokl articles. 


Gold. 

Placer SlInlDg. —Gold in tlie metallic state is obtained from 
disintegrated rock in the form of sand and gravel, liy vaslilng. 
It is generally olitaincd in this manner in fine ]>arficles known 
as dust. It lias occasionally liei'n found in lumps of various 
sizes known inuler tlie name of nuggets. 

AmaleaniiitiiiK Process,— Wlii'ii the gold is adliOH'nt to 
rock the gold-liearing rock is reduced to a sandy powiler (pulp), 
mixed with inereury, and washed by water over amalgamated 
copix'r plates (plates coated willi mercury), wJierc tlie already 
funned gold amalgam and the tine melallic particles of gold 
coming in contact witli the coating of the ]>lates arc n^tained. 
The sand is then washed o\er rifles and blankets and treated 
in eoncvntr.ating niacliim's separating tlu* light from tlie heavy 
parts, retaining the latter for further treatment, consisting 
maiidy in roasting and reanialgamaling. 

Chlorination. Platner’s Process. —In a charge of gold- 
bearing pulp, eontaineiLin a revolving iron drum lined with 
lead, a stream of chlorin gas is conducted, producing chlorid 
of gold, wbicli is soluble in water 

Thies Proces.s,—For each toil of ore in tlie revolving drum, 
gallons of water, HO pounds clilorid of lime, and 36 pounds 
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concentrated sulpluiric acid are added, and the drum it‘volved 
for some time. A solution of cldorid of gold is thus obtained 

The silver remains as an insohibh^ ehlorid, which can after* 
ward l)e separated l)y dissolution in scKliiun hyi^osulplute solu¬ 
tion or in l)rino. 

Cyanid of Potassium or McArthur and Forest Process.—The 
pulped ore is leaclu'd witli a solul,ion of 0 2 to O.X jjor cent of 
potagsitirn cyanid, K('v, and th(>n with wateT. The gold is 
obtained from this solution Ijy preeipitation with zinc or alu¬ 
minium, or by el(‘Ctrolysis. 

The cyanogen in th<! cyanid solution slionld not exceed 
eight parts to one thousand parts of uator. 

Separation of Gold from other MotalH, 

Cupcllation.—Lead is sej)arated from gold or from gold and 
silver hy conversion into litharge of tlie lead, by means of 
heat and exposure to tlie o.xidi/ing action of air. 

Rooster’s Process.—(’op|X‘r, and in ]){irt sih<’i, is separated 
from gold by iusiiig with sul])luir or with antimony sulplud, 
obtaining co])i)er or silver suljdiid. 

Miller’s Process.- Sih’or is sej)arat.(‘d from gold by fusing 
in a refractor)’ crucible, covering with borax, and passing a 
stream of clilorin tlirougli the molten metal, converting the 
silver into silver ehlorid. 

Solution by Acids, Quartation.—Silv(!r is separated from 
gold by solutitm in nitric acid, producing nitrate of silver 

A granulated alloy of gold and slhcT heated witlr strong, 
sulphuric acid pnxhiwis suli)l)ate of silver. The brown residue 
of gold is waslied, dissolved in aqua H'gia, and ju-ecipitated 
with ferrous salt. The })recipitate, after being filtered and 
washed, is melted with fluxes and cast into gold bars. 

Tlie silver in tlie sulphate is pr(*cipitat<‘d by scrap-iron, 
filtered, washed, dri(‘d, fused and cast info bar's. 

Electrolytic Treatment. 

SlemensoHalskft Process.—Gold-bearing pulps or amalgamator 
tailings are'treated witli a weak solution of cyanid of potassium. 
The solution containing most of the gold is collected in an 
iron electrolyte tank. Tlie anodes are made of slieet-iron 
plates and the cathodes of lead plates of same dimension, sup- 
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ported by wooden frames. The electrodes are placed in the 
rectangular tank a little over 1 inch apart, and are electrically 
connected to longitudinal copjxjr rods in electric connection 
with a dynamo of proper construction. The current density 
should l)e about GO amperes per sq. metre (5.0 amperes persq. 
foot) at an electromotive force of 4 volts. The gold collects 
on tfic lead plates, wliich are from time to time withdrawn, 
and the gold is tlien separated by cupellation. The solution 
s'lould contain only from 0 05 to 0.08 per cent of cyanid 
of potassium, and in some cases only 0 01 per cent has been 
employed. 

Uses.—Pure gold is used for cliemical preparations, for 
gold-plating, etc. For coiiuigc 90 pt‘r cent gold is generally 
alloyed with 10 per cent copi)er. English gold coins contain 
91 6 per cent of pur(> gold For jewelry and other goldsmith’s 
work, gold is alloyed with various otlier metals, mostly silver 
and copper, in variable proportions. 

Zinc. 

Zinc ores are generally submitted to mechanical operations 
for concentration and are then roasted. The roasted ore is 
intimately mixed with coal and the zinc is reduced in retorts 
of refractory material at a red heat, where it is converted into 
vapors which are condensed into metal in iron pi})e8 or hoods 
connected to the open ends of the retorts, the molten zinc 
being collected in pots placed below these pipes. From these 
pots it is ladled into molds for the production of the com* 
mercial ingots or cakes. 

Belgian Process. —^This is the process most commonly em¬ 
ployed industrially. The retorts consist of cylindrical pipes 
of refractory material closed at one end, of a length and diam¬ 
eter convenient for charging and cleaning them, and of suffi¬ 
cient strength to resist distortion as mucii as possible while 
in use. 

A considerable number of these retorts are set horizontally 
in a properly constructed furnace in parallel horizontal and 
vertical rows. The open ends of the retorts, which are placed 
somewhat lower than the closed ends, are covered by a sheet- 
iron hood to which are connected short conical sheet-iron 
pipes discharging the molten zinc downward. 
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Uses.—Zinc is extensively used in metallurgical works for 
desilverization of lead, as a reducing agent in chemistry, as 
electrodes in galvanic batteries, as the main compound with 
copper in alloys for brass and. with copper and tin. for sub¬ 
stitutes for bronzes. It is rolled into sheets for a niuHiplicity of 
useful purposes, and is applied as a coating of sheet iron for 
galvanized iron, etc. 

Cadmium. 

Cadmium is olitained mostly as a by-product in the metallurgy 
of zinc, as its ores generally .accompany those of zinc A more 
or less brown oxid of cadmium accvunnlati^.s in llie iron con¬ 
denser of zinc retorts, from which cadmium, more or less mixed 
with zinc, can be distilled and, after purification, may be 
cast into r(xls. 

Uses.—The metal is mainly used for fusible alloys. Its 
haloid salts are used in photogra]>hy and the sulphid is employed 
as a pigment. 

Mercury. 

Sulphid of mercury, or cinnabar, is the ore from which most 
generally mercury is obtained by distillation. It is purified 
partly by filtration and partly by redistillation. 

When pure it can be separated into bright perfect little 
globules wliich instantly unite when brouglit together. When 
contaminated with lead, zinc, or bismuth the globules tail and 
leave a streak when rolled on a glass plate. 

For purification: 1. Pour the mercury in a tray with flat 
bottom in a thin layer and cover with nitric acid, leaxing it 
exposed for a day or two with occasional stirring until the 
mercury no longer tmls. 2.^ Cover the mercury in the tray 
with protonitrate of mercury and treat as above. 3. Shake 
the mercury in a bottle with air and powdered sugar, renewing 
the air from time to time. Filter through a paper cone with 
a hole in the apex pricked with a fine needle- 

Uses.—^This metal. I)eing liquid at ordinary temperatures, is 
extensively used for scientific apparatus in physical and chemical 
laboratories; in metallurgy for amalgamation of gold and 
silver from its ores; in the preparation of a number of chemical 
compounds for medical and indastrial purposes, for explosives, 
and for pigments. 
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Tin. 

The almost exclusive ore of this metal is crussiterite, SnO,. 
After beinj; separated by mechanical means from forei|cn mat¬ 
ter, it is converted to the inetjdlic state by reduction with 
coal under lieat, tlu; foreign matter yet prescait being litpiefiod by 
pro|)cr fluxes Tlie crude im^tal obtained is refined by liquation. 

Electrolytic Process.—-Tin scrap lias lieen treab-d, in a bath 
of a solution of 12 to 15 per eent ol so<!iiim elilorid mixed with 
about 5 fK‘r cent of caustic soda, hy a current of I 5 to 2 volts 
and 150 amperes per aquan^ inetn*, n^sulting in spongy tin, 
iron, and a little preparing salt (mordant for calico printing 
and dyeing) The scrap in a basket, which may he of iron, 
serves as anode and a sliwt. of iron is used as catliode 

Uses.—Tin is largely used as a coating for other metals 
(tin-plate, tinned win*, etc,), as an alloy witli copper (bronze), 
with lejwl (tiniK^rs, and plumhers’ solder), and witli sonu* other 
met.aU, as tinfoil, for .all kinds of purposes, (llieniieal com¬ 
pounds of tin arc used in c.alico printing and dyeing as mor¬ 
dants, and as jiigmeiits for paint. 

Lead. 

Only galena, PbS, and ccrusitc, PbOOj, ,are genernllv used 
as lead ores, but lead is extracted in many castes from waste 
products of otlier rnelallurgic.al operations. 

Reaction Process.—When galena, PI)S, and cenisite, PliCO,, 
are mixed in propt'r proportions and subjected to heat, the 
carlion dioxid, (Xb. is driven off in the first stage of tlie opera¬ 
tion, and the .sulphid reacts on the oxid of lead, 

2PbO+PhS=3Pb+S()2, 

producing metallic lead and sulphur dioxid. 

In treating galena exclusively a portion is roasted to oxid 
and then mixed with the projxT quantity of raw ore, when 
the same reaction will take place. 

The first portion of galena may l'>e roasted to a mixture 
of sulphate of lead. PbSO,,, and oxid of lead, PbO, and the 
proper proportion of raw ore added. The chemical reactions 
will then be as follows: 

Roasting to oxid and sulphate: 

2PbS+ 70 == PbO+PbSO;+SO^ 
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Reducing from oxid to lead: 

2Pb0 + rbS=3Pb+S02. 

Reducing from sulphate to lead: 


PbS0, + PbS=2Pb+2S02. 

8 

Corinthian Process. —Small charges arc treated at the lo^l 
est temperature possible in small furnaces. Part of the charge 
is roasted to sulpliate and mixed witii the part not roasted. 
Wliatever has not been reduced to metal is treated with char¬ 
coal and by proper manipulation mostly reduced to metallic 
lead. The residue, containing from 3 to 9 per cent of lead, 
is concentrated to 50 to 00 tx;r cent and leinelted. 

English Process. —Large charges of ore are treated at high 
temperatures in large furnaces. The roasted part is imme¬ 
diately reduced by the snlphid. Tlie impurities are from 
time to time converted into easily fusible slags which are re¬ 
moved to bo smelted in special furnaces, as they generally are 
yet rich in lead. 

Tarnowltz Process.—*Largc charges arc roasted at low tem¬ 
peratures in large furnaces and treated substantially us in the 
Corinthian process. Tlie residual containing considerable lead 
is remelted in special furnaces. 

Ore Hearth Process.—Tlic ore mixed with fuel is treated on 
a hearth, the roasted portion is reduced by the unaltered ore 
and by the carbon of tlic fuel. 

Boasting and Reduction Process, —Sulphid Ores are roasted 
and as completely oxidized as possible and, with oxidized 
products of previous operations, reduced by carbon in low 
blast-furnaces (20 to 20 feet high). Sulphates formed in roast¬ 
ing should be decomposed by silica in accordance with the 
reaction expressed by the formula 

PbSO,+ SiO^- PhSi03+ SO 2 +0. 


The silicate of lead in turn is decomposed by lime: 


PbSiOg+CaO- CaSiOj + PbO. 

When copper is present part lead sulphid should be 

employed for the formation of copper sulphid: 

phS-i-OfS* —A* oiaer 

•tMwsttxsHMa qperactema are crushed and treated mth hydro* 
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Zinc is converted by roasting into zinc sulphate and removed 
from the roasted ore by leaching. Lead ores containing silver 
and zinc in various proportions are: 1, roasted at a low tem¬ 
perature, converting zinc sulphid into zinc sulphate; 2, leached 
^ith water and sulphuric acid for dissolution of the zinc sul" 
pihate and treated with sulphur dioxid and air for conversion 
any free zinc oxid into sulpimte; 3, the leached ore is 
omelted, protiucing lead combined with silver; 4, the lead 
IS desilverized, resulting in the production of lead and silver; 
5, from the sulphate of zinc metallic zinc is recovered. 

Precipitation Process,—Part of a charge of lead sulphid is 
reduced into metallic lead by iron and part into a lead matte 
or double sulphid of lead and iron as shown by the following 
chemical equations: 

PbS+Ke = FeS + Pl), 

PbS+nFeS = PbSnFeS. 

The matte is roasted and oxidized, resulting in lead and 
iron oxids mainly, which are added to a new furnace charge. 
The iron is charged in ti»e furnace in the form of oxidized ores, 
such as roasted pyrites, red and brown hematites, and reduced 
in the operation of smelting by the carbon present. 

Lead-refining.—If lead is melted at a low heat any copper 
present will rise to the surface and is removed by skimming. 

Iron, nickel, cobalt, and zinc are oxidized by passing super¬ 
heated steam through the molten lead at a red heat. Anti¬ 
mony and arsenic may be separated by melting and oxidizing; 
antimonate and arsenate of lead are formed on the surface and 
are removed by skimming Silver and gold are concentrated 
by Pattison’s or Parker’s process and are separated from the 
lead by cupellation. From desilverized lead antimony can be 
removed by the steam-blast. 

Bismuth is separated by repeated smelting and oxidation, 
until oxids are obtained containing up to 30 per cent of bis¬ 
muth, wliich are then treated in the wet way. 

Electrolytic Refining of Lead. 

Keith Process.—The electrolyte is composed of a solutimi 
of lead acetate or of lead chlorid. From the impure or work 
*• ajIuot'iv/— x anodes are cast into plates. 
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which are enclosed into bags of coarse muslin. The cathodes 
are made of tliin metal plates The deposit obtained is in 
crystalline form and falls to the bottom of the ^’essel, which 
may be made of plate iron or of wood. 

Tomassl Process.—The electrolyte is a solution of a double 
acetate of lead and of potassium or of sodium. The anodes 
are cast from crude argeiitiferous lead; the cathodes are in 
the form of large diski? of copper or of aluminium bronze and 
are about half immersed in the electrolyte, in which tliey slowly 
revolve, each being placed lietweon two anodes. The lead 
crystals formed are detaclied by scrapers. When in suflicient 
quantity they are collected, drained, washed, dried, luid fused 
with a little charcoal. 

Uses.—Ijcad is manufactured into pipes, sheets, bullets, 
shot, and is used in numerous alloys—witli tin in plumbers* 
and tinners’ solders, with aiitimony in type metal, etc. It is 
employed as a solvent for gold and silver. Oonverted into 
carbonate of lead it constitutes a pigment of white color exten¬ 
sively used in painting. In a spongy condition, produced by 
electrolysis, it is used as electrodes for storage-liatteries. Heated 
and oxidized it is converted into red lead and litharge. Cliemical 
and metallurgical vessels arc lined with lead for various pur¬ 
poses. 

Bismuth. 

Reduction Process.-^xid and sulphid ores and compounds 
ate mixed with soda, limestone, slags from previous opera¬ 
tions, and charcoal, and arc smelted in a crucible. 

Basic bismuth salts as oxychlorid should be thoroughly 
mixed with caustic bme or stirred in milk of lime and dried. 
There should be soda enough to produce a very fluid slag 
The bismuth obtained is generally contaminated with lead, 
arsenic, antimony, and often with other metals, such as copper. 

Precipitation Process.—Sulphide and arsenical ores are fused 
fluxed by soda, limestone, and slags, with the addition of scrap 
iron. Copper combines with sulphur and with iron sulphid 
into a matte. Cobalt and nickel combine with arsenic to 
form a speiss. The bismuth obtaitiod retains some lead and 
antimony and h^ to be reflned. 

Wet Process. — Products containing bismuth from other 
metallurgical operations are crushed and treated with hydro* 
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chloric acid of moderate strength. The bismuth chlorid remains 
in solution, the lead being insoluble. By mixing the solution 
witli a great volume of hot water basic bismutli chlorid is pre¬ 
cipitated The precipitate after filtering is washed and the 
operation repeated; tlie final pn‘cipitatc, after thoiough wash¬ 
ing, 18 mixed with milk of lime, and after drying, melted in a 
crucible with tlie fluxes indicated in the reduction process. 

Beflntag. —The refining method is dependent on the pre¬ 
ponderance of any of the sul)stanc(*s, forming the impurities 
of bismuth as lead, antimon}’, arsenic, etc. 

If more than a fraction of 1 |)er cent of lead is present the 
crude metal is added to a melted mixture of potassium and 
sodium chlorids and some caustic soda in an iron pot. A 
quantity of bismuth oxychlorid, corresponding to the lead to 
be removed, is then stirred in and the stirring continued from 
2 to 3 hours. When a test portion solidifies with a crystalline 
foliated structure, tlie fire is withdrawn, an iron liook is inserted 
in the melted mass, wliich is left to cool and is withdrawn by 
means of the hook. The slag is dissolved tind the lump of 
bismuth is then broken up. 

For the elimination of arsenic or antimony the bismuth 
is fused with soda and nitre If a large proportion of anti¬ 
mony should be present, then soiiium sulphid is melted with 
the bismuth. The temperature should I)e kept as low as pos¬ 
sible and the charge should Ik^ thoroiigUy slirnid. 

Uses. —For easily fusible alloys and for hard alloys (Ms- 
muth bronze); for pliarmaceutical and cosmetic preparar 
tions as subnitrate and oxyclilorid of bismuth. 

Antimony. 

This metalloid, of a white metallic lustre, is crystalline and 
brittle. It is obtained from sulpliid ores, stibnite, SbjSg, which 
are smelted direct, when from 50 to 90 per cent of pure ore 
composes the charge. Poorer ores are concentrated by liquation. 
The sulphid, with the addition of a mixture of carbon and 
sodium sulphate to which scrap iron is added, is melted in a 
crucible or in a reverberatory furnace. 

Boasting and Reduction Process. —Sulphid ores are Sub¬ 
mitted’to an oxidizing roasting, either at a low temperature 
with scant air-supply, producing a volatile antimonious o?dd, 
6b^,, or at a higher temperature with excess of air, obtainu^g 
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an antimotiious antimonatc, SbOj. The roasted ore, with the 
addition of,sodium sulphate, of slafs from previous operations 
and if necessary of soda, is smelted in a furnace or crucible, 

• Electrolytic Reduction. 

Borchor Process.—Powdered antimony sulpliid ore is gradually 
sprinkled in a liot solution of sodium sulphid lieated to l)oiling 
and agitated by steam, in a conical iron vessel, with admission 
of air from lime to time. After the .solution has attained 
a concentration to 9° or 10° Paume, hot, 12° II, cold, it is left 
to settle and the clear solution is siphoni'd into .a tank and 
3 per cent soditim chlorid added. 'rh(‘ solution is then trans¬ 
ferred into an iron electrolytic tank having iron plates af 
cathodes electrically connected witli the tank and lead plates 
as anodes. With a concentrated solution the current strength 
may be 100 to l-hO amix-res jan sci. metre (O.Otil to 0.1 pel 
sq. inch), decreasing gradually to 40 or l.l anifierea as tiic 
solution become.s weaker, tlie electroniotire force la-ing a littis 
less than 2 volt.s. The antimony accumulates at the botton 
of the tank, which act.s as cathode. 

BeflniOK.—Crude antimony from any of the processes men 
tioned may contain some impuritie.s It is melted in a cru¬ 
cible or reverberatory furnace, first with li<|uat<‘d antimonj 
sulphid, removing iron and copper as .sulphids; then witl 
potash or soda, with the addition of a small proportion of oxk 
or of sulphid of antimony 

Uses.—Antimony alloyed with lead produces type metal 
with tin and a smaii quantity of copper, anti-friction metal 
It is used in thermoelectric batteries. Some of its oxids an 
used as pigments. 


Chromium. 

This metal is of a bright gray metallic lustre, is very han 
and crystalline 

Beduetton Process,—Chromite, leflf-rgO.,, is calcined wit] 
potash or .soda in the presena- of air , The chromate of potas) 
or of soda and the iron oxid produced arc roasted with sulphu 
so as to produce sulphates which art dissolved The insolubi 
chromium oxid is washed and dried, and mixed with carboi 
is submitted to a white heat in a plumbago crucible. A gra; 
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metallic powder is obtained which is a combination of chro¬ 
mium and carbon. 

Befinintr; Molssan Process*—Chromic oxid is reduced with 
carbon in an electric furna,cc, the hearth of which Is lined with 
a calcium chromite prepared by heating together lime and 
chromic oxid. 

Uses. —Ferrochromc is employed in the iron industry and in 
Ihc manufacture of chrome steel. Chrome salts are employed 
in chemistry and some oxids are used as pigments for painting. 
Molybdenum. 

Tills metal has a white metallic lustre and is very hard. 
The minerals constituting the ores of this metal are molybdenite, 
the sulpliid and wulfeiiite the molybdate of lead, PbMoO^. 
The metal has been obtained by heating the trioxid MoO, in 
a current of hydrogen, or by reduction with electrically heated 
carbon. 

Uses. —The metal is so far of no spc^cial application, and 
has only been used experimentally in steel-making. 

Tungsten. 

This metal is of a grayish-white lustre and very haid. It 
is obtained alloyed with iron from wolfram, FeWO^, by melting 
with carbon, glass, and scrap-iron, in a plumbago crucible, 
at a ver>' high heat. The pure metal is only obtained from 
trioxid, WOg, which is produced by calcining the ore with soda, 
dissolving this product in wat^r, separating the insoluble 
matter by filtration, crj'stallizing and recrj’stallizing the 
tungstate of soda, NajWO^, obtained for purification, and 
decomposing by treating with hot hydrochloric acid, producing 
a heavy yellow precipitate of ttm^ten trioxid. After being 
washed and dried the oxid, mixed with charcoal and rosin, 
is reduced in a clay crucible in a furnace. A gray metallic 
powder will result, which may be fused in an electric furnace. 

Uses. —^Tungsten alloys are used in the steel industry. Mus¬ 
lin can be rendered uninflammable by tungstate of soda solution. 

Uranium. 

This metal is of a white metallic lustre and hard. It is 
obtained principally from uranite, pitch-blende, a urano- 
uranic oxid, UP 8 =U 02 * 2 U 05 , and has been reduced by elec¬ 
trically heated carbon. 

Uses.— Some oxids are used as pigments for staining glass. 
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Manganese. 

This metal is of a reddLsli-wliite metallic lustre, very hard 
and brittle. The ores from which tlie metal, or, more gen¬ 
erally, manganese alloys are extracted are pyrolusile, the 
binoxid MnO^; braunite, the oxid Mn^Oj; hausmanite, the 
mangano-manganic oxid, Mn,0,; manganite, the hydroxid, 
MnHOjI haueritc, the sulpliid MnSg) dialogito, or rhodochrosite, 
the carbonate MntX),; rhodonite, the silicate MnSiO^; psilo- 
melane, the hydrated binoxid 2(Mn< ij IljO. 

Beductlon.—Mix pure oxid and carbon and subject the 
mixture in a plumbago crucilile to the highest heat possible 
or reduce the mixture in an electric furnace. The metal may, 
however, contain some carbon and silicon. 

An alloy of iron and from !> to 30 per emit of manganese 
and from 4 to 7.r) per cent of carbon is known under the name 
of spiegeleisen. 

Ferromanganese is a. similar alloy containing from 30 to 
85 per cent of manganese. 

Uses. —Ferromanganese is now generally used in the manu¬ 
facture of Bessemer steel tor deoxidation, desulphurization, 
and to some extent recarburation. The peroxid is employed 
tor the production of chlorin gas Numerous manganese com¬ 
pounds are of daily industrial and scientific employment. 

Iron. 

Iron is of a light bluish-gray metallic lustre, is tough, malle¬ 
able, and ductile, and is susceptible, to be magnetized. 

The ores of industrial importance are; 

Specular iron ore, Fe^Ds; limonite, brown hematite, bog 
ore 2(Fej0,)3(H20); maglietite,. Fejf),; siderite, spathic iron 
ore, FeOOj. 

Most of the ores are directly reduced in blast furnaces by 
coke or charcoal mixed with a flux, mostly carbonate of lime, 
for flu.xing the foreign sul)stances nearly always connected 
with the ores. Some ores are submitted to a preliminary 
calcination or to mechanical concentration. From the blast 
furnace an impure iron known as pig iron is obtained, the 
impurities consisting of various proportions of carbon, silicon, 
sulphur, manganese, phosphorus, here and there, but generally 
seldom, copper, chromium, nickel, cobalt, etc 
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Puddllne.—^The melted cas^ iron covered with a layer oi 
liquid slag is kept under constant motion so as to expose con¬ 
stantly new parts to a current of hot air, thereby removing 
the greatest part of carbon and silicon and some of the sul¬ 
phur. The iron, which loses its fluidity under this process, 
is divided into balls, passed through squeezers, hammered 
into bars, and then rolled in the commercial shapes of wrought 
iron. 

Bessemer Process.—Steel for the production of rails or 
machine steel is manufactured by running a weighed quantity 
of melted and selected pig iron into a converter, whore it 
is subjected to a blast of air under pressure. The silicon is 
blown out and burnt into silica in the first stage of the 
process. Then the carbon is burnt out, producing an intense 
heat. The converter, which tunis on trunnions, is turned 
down, and its contents is poured into a ladle, into which, at 
the same time, a weighed quantity of ferromanganese, con¬ 
taining a known percentage of manganese and carbon, is 
thrown. 

The required recarlnirization may be obtained by the addi¬ 
tion of weighed melted pig iron of known contents of carbon, 
or by the introduction of tlic rctpiired carbon by some other 
means. The metal is poured into ingot molds. 

The converter in tliis process is lined with a mixture of silicious 
stone and fire-clay, which is teclmically known as an acid 
lining. 

Basic or Thomas-Gllchrlst Process.—This process is identical 
with the Bessemer in apparatus and operation. The lining of 
the converter, however, is basic and consists of calcined dolo¬ 
mite, or of a mixture of burnt lime and magnesia. The slag 
formed in such converters, when a quantity of quicklime has 
been added to the charge, eliminates to a great extent the 
phosphorus contained in the iron. 

Open-hearth or Slemens-Martln Process.—This process may 
be either acid or basic according to the lining of the hearth 
of the reverberatory furnace, in which selected pig iron and 
malleable scrap-iron is melted, with the addition of pure iron 
Ote. The latter, t<^ether with the air, contributes to the oxida¬ 
tion of‘the silicon and carl)on in the melted mass. The final 
deoxidation is sometimes produced by a small quantity of 
aluminium or of ferromanganese, which at the same time 
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desulphurizes and recarburizes the metal to the required 
extent. 

In furnaces with basic lining, the roof is built with acid 
fire-brick and a passive joint of a few inches is interposed be¬ 
tween the two materials. Such a joint niay co nsist of cliromc, 
or of about 40 per cent of chroiniutii trioxid, 15 ])er cent of 
protoxid of iron, and 8 j)er cent of silica or of c'lrhon. 

An average analysis of good basic lining is: Magnesia 30, lin e 
52, silica 8, alumina and oxid of iron 4. 

Chrome Steel,—The chromium in this steel varies between 
0.25 and 2 per cent. \'ery hard and of fine tciXture. 

Nlckel-steci.—Contains generally from 2 to 4 per cent of 
nickel and 0.2 to 0 3 per cent of carbon Armor-plate employed 
in the French navy contains about 0.4 carbon, 0 2 nickel, 
1 per cent cliromium. 

Aluminium Steel.—Aluminium is mostly employed as a 
deoxidizing agent Any excess of aluminium in steel reduces 
its welding property. 

Malleable Cast Iron.—Objects cast in wliiic cast iron are 
packed in red hematite, re/> 3 , or in spathic ore, FeCO^, and are 
kept at a nid lieat for stjvoral days. After cooling, tlic objects 
are fo\ind to be malleable, the combined carbon having l)een 
partially oxidized and removed, and partially converted into 
graphitic carbon. 

Cementation and Case-hardening.—Wrought iron Or finished 
objects of the iron are packed in powdered charcoal in boxes 
and kept at a red heat for from a day to a week or more, the 
time being dependent on the mass treated and on the depth 
of the cementation desired. 

In case-hardening for finished articles, calcined hoof-paring 
or old leather are sometimes added to the charcoal powder, 
providing very finely divided carbon. 

After exposure to the heat for a sufficient length of time, 
the articles are quenched in water, thereby hardening the 
superficial skin which tlien rc‘sists wear better than any other 
material which may be employed. 
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Electric Welding of Iron. 

Ellhu Thomson Process.—Tho current of low electromotive 
force should l)e about 15 amperes per s(|. mm., equivalent to 
about I0,0()0 amperes per sq inch of sectional area at the 
place of the bar to l)e joined l)y welding. 

Bernardo*s Process.—Tho heating is effected by the arc be¬ 
tween tlie object tn^atod, which is made the positive pole, 
and a carbon rtnl provided with an insulated handle, which 
acts as ni'gative pole. An arc, (> inches long can l)e produced, 
usually tlio arc is about 2 or 2^ indies long; Ibe current vary¬ 
ing l)otween 200 and 5 amperes at 110 to 120 volts. In this 
raamior flanges of pijie or of jdates I to | incli tliick can be 
sufficiently lieated to be welded together. Uy holding the 
arc upon one point, a hole can lie burnt in plate iron, and may 
be extended in anv direction by the same means. 

Lasrange & Holio Process. — A lead-lined lank of wood 
or of stoneware is filled with a solution in water of sulphuric 
acid, or of sodium or potassium carbonate, or of borax, the 
lead lining serving as aiuKhi and the piece to lie heated by 
plunging it in the liquid as cathode. 

BurtonN UquUI Forge,—A rectangular tank of non-C(m- 
ducting maU^rial is divided by fion-condiicting, perforated par¬ 
titions into tliree unequal compartments. The smaller lon¬ 
gitudinal coinpajrtmeiit readves a lead plate as large as pos¬ 
sible, serving as anode. In the small transverse compart¬ 
ment is put a movable plunger, filling nearly the whole space 
when fully depn^ssed. This plunger serves as regulator for 
the height of the level of the electrolytic solution in the tank, 
which consists in a solution of 1.05 density of common salt 
(sodium clilorid) in water for light work, or a solution of 2 per 
cent wasli soda and 0.3 per cent borax for heavier work. The 
object to Ik* heated, which forms the cathode, is placed on 
one or two non-conducting supports over the surface of the 
liquid, and the plungef is depressed until the liquid comes in 
contact with the object to heated. The current of aboiA 
26 amperes and 220 volts for bars 1 sq. inch is turned on; the 
heating is produced partly by the current and partly by tlw 
ignited hy<tfogen evolved. 



EXTRACTION OF METALS FROM ORES HI 


Zerener*s Heating Method.—An electric arc is formed between 
two carbon electrodes, inclined or forming an angle with each 
Dther. The arc is deflected downward by tx‘ing placed between 
two poles of an electromagnet and is employed for heating the 
object to be treated. 

Such an arc, which is similar to a blowpipe flame, has been 
used to braze bicycle tubes with a current of 40 to 00 amperes 
Mid 40 volts. Iron plates about \ incli thick may require 
1(K) to 200 amperes by 70 volts for welding 

Uses.—The uses of iron in the form of cast iron, wrought 
iron, or sfeeJ are so universiil, so manifold, and so well known 
that no special mention of them need be made here. 

Nickel. 

Nickel has a very light yellowish-gray brilliant metallic 
lustre, it is tough, malleable, and magnetizable. 

The sulphid ores, like millorite, NiS, and pentlanditc, NiFeSj, 
are submitted to a number of roastings and meltings, pro¬ 
ducing mattes increasing gradually in the contents of nickel. 

The foreign substances am gradually removed in the slag 
resulting from the employment of proper fluxes Arsenites, 
like niccolite, are similarly converted into speisscs, successively 
enriched in its nickel contents. 

Silicates, like gamieritc, NiSiOj and genthitc, NiSiO ,4 HjO, 
are mixed with sulpliid ores and proper fluxes, and are con¬ 
verted by smelting into mattes. 

The crude nickel, like iron, is submitted to puddling or to 
the Bessemer or open-hearth process. For final deoxidation 
an addition of a small quantity of magnesium has been found 
to give the most satisfactory Vesults. 

It is said that nickel ores (oxids), as anode in a suitable elec¬ 
trolyte with a great current density, liave been treated in Canada 
in the Burton electric forge- 

With ores containing cobalt, the roasting and smelting i 3 
followed by solution in acid from which copper, lead, and other 
metals are precipitated as sulphids by treatment with hydrogen 
fulphid The filtered solution, after being neutralized, is 
treated with chlorid of lime, precipitating first iron as ferric 
hydroxid and then cobalt as peroxid. The nickel as nickelous 
bydroxid is preci^tatod from the solution after filtration. 
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NIckel-carbonyl Process.—When over recently reduced metallic 
nickel a flow of carbonic oxid at less than 1.^0® C. is con¬ 
ducted, a compound of nickel and carbonic oxid is formed, 
of the formula Ni(CO)^. This compound condenses to a liquid 
at or ])elow 43® (’ and is designated by the name of nickel- 
carbonyl. Tlie vapors of this sul)8tance arc decomposed at 
180® C into nickel and carbon monoxid. Iron is the only metal 
known which can produce an analogous compound. 

Nickel ore, thoroughly oxidized by roasting, is heated to 
400® C. in a current of water-gas (gas ol)tairicd by decom¬ 
position of steam in a gas-producer), which reduces the oxid 
to tile metallic state. Tlie ore is then conducted through ai> 
tight flues into a vertical dnim containing carlionic oxid, where 
it falls over a number of slielves to tlie bottom, the tempera¬ 
ture in the drum being at not aliove 80® (). Tlie vapors erf 
nickel carlionyi so fonned are conducted into pipe^, heated 
to 180° C., in which the metallic nickel is deposited on the 
walls and tlie Iil)erated carl)onic oxid is retumed to the com¬ 
bining drum by a fan Erom tlie bottom of the drum the 
ore is conducted to the reducing apparatus and, with a new por¬ 
tion of metallic nickel produced, is subjected to a repetition 
of tlie operations descrilied. 

Uses.—Pure nickel is used in plating and for numerous 
utensils Parts of light machinery and ornamental parts 
of household uUmsils are generally nickel-plated An alloy 
with copiier and other metals is us(;d for coins and for Ger¬ 
man silver. It is used alloyed with steel in armor-plate 

Cobalt. 

Cobalt has a light steel-gray metallic lustre, has little malle¬ 
ability. The metallurgy of its ores is substantially the same 
as that of nickel orc'S with which it is nearly always associated. 

Uses.—With the exception of some beautiful blue coloring- 
matters, cobalt is hardly used industrially 

Platinum. 

This metal is of a grayish-white metallic lustre, is tough 
and v'fcry malleable and ductile. 

The metal is nearly alwa\s found native, sometimes alloyed 
with oth^r metals, principally iridium. It is dissolved in 
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strong aqua-regia, the solution is treated with an excess of 
lydrochlorate of ammonia, thereby forming a light yellow pre* 
jipitate of the double clilorid of ammonia and platinum. By 
calcining this precipitate, elevating tlie temperature gradu- 
illy to a red heat, tlic metal is obtained as a gray porous mass, 
which is purified from traces of iridium by redissolving in 
aqua regia, repeating the precipitation and calcination. Iridium 
remains undissolved in dilute acid. The finally ohtainc d 
spongy mass of platinum is compacted by pressure and ham¬ 
mering and wroiiglit into the desired .shape by welding. 

tJses.—It is mainly used for apparatus in the chemical indus¬ 
tries and in laboratories, for electrodes in batteries and in 
electrometallurgical apparatus, in incandescent lamps as con¬ 
necting wires, and in blowpipe analysis as wire, foil, and cruci¬ 
ble, and for a great variety of other scientific applications. 
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33. METALS. 


Discovery and 


(Abbreviations W.H. — white heat: K.“= evaporate*; 
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Physical Properties 
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Linear 

Expansion 

from 

onoioo*c 

32« to 
2I2<’ F. 

Melting point. 
Degree 

Siieriftc 
ileaf. 
Waiei at 
0U\ = l 

Conductibility. 
Silver-100 

6 

i 

s 

IP 

c 

F. 

C. 

Heat 

lOIee 

tneity 

0.00206 

1100 

030 

\ 

0.2185 

38.4 

; 54 2 

i 

1 I 

0.00108 

842 

450 

0 0508 


4 

' 2 


E. 

E. 

0 0814 



' .3 


... .490... 

..,.254. . 

,. .0.0308_ 

...1.8.. 

...1.2 

' 5 


608 

320 

0.tt567 



6 



W,H. 

■ 0.10696 



8 

..0.001718.. 




. 73.5.. 







11 

0.001415 

1863 

1017 

0 0.3244 

98 

78 

12 

0.000641 


it. 

0.1837 



1.3 


4090 

2200 

0.1138 

12 1 

16.8 

14 

0.001220 











...8 5.. 

...8.9. 

15 


356 

180 1 




16 



433 

0.2499 


41.2 

17 



W.H. 1 

0 1217 1 



18 

0.00018 

-38 

-39.8 

0.03332 

5..33 

1.63 

19 



.It_ 




20 

0.00125 1 

1 

W.H. 

0.1086 


13.1 

21 

0.001 


W.H 

0 059.3 

6.3 

18.4 

22 

0.000884 

3195 

1957 

0.03.35 


10.6 i 

23 


112 

62 5 

0.1695 



24 

..0.0019...,! 

,.,1840,.. 

..1023 .. 

..0.57. 

.100_ 

.100. . 

25 


205 1 

97 

0.29,34 



26 


442 1 

2‘>8 

0.5695 

14.5 

15.4.5 

27 


625 

324 




28 



R 1 

, 0.0.3636 



29 



It 




30 

0.002942 

779 

415 

0.0955 



31 









116 


MINERALS AND METALS. 


34. PRECIOUS STONES. 

Approximate Order of Valuation of Precious Stones I 1. Pearl; 

2. Ruby; 3. Uianiond; 4. Emerald, aappliire, oriental cat^s- 
eye, precious opal; 5. Alexandrite, jacintii, oriental onyx, 
peridot, topaz, zircon. ^ 

Defects In Precious Stones.—1 Feathers: little rents or, 
fissures ill the inside; 2. Clouds: gray, brown, or white spots 
resembling clouds; 3. Sands: small bodies like seeds or grains 
of sand of white, browui, or rc<l color; 4. Dust: fine sand dis- 
senunated in very fine part-icles in a stone. 

DIAMOND FIELDS. 

South Africa. —..An approximate circular area, surrounded 
by horizontal shales with upturned margins around the area, 
constitute the site of each diamond mine. TIic surface was 
originally covered by a reddish, sandy soil, covering a calcare¬ 
ous tufa or light deposit of carbonate of litiic, to the under 
surface of which diamonds were occasionally found to be 
adherent. This was followed by an altered volcanic rock, much 
broken up in places, and decomposed and oxidized on its upper 
surface into wliat was denominated “ yellow cartii.” The blue 
rock known as “ blue ground ” liclow carried the greatest 
part of the diamonds, and is considered by some scientific men 
as its matrix. Under this rock as a base is a soft mineral of 
green or bluish color and soapy to the touch. The diamond¬ 
bearing rock contains, in addition to diamonds, altered frag¬ 
ments of shale and various minerals, as: Pyrope (chrome 
garnet), diopside of bright-gimi color, chromite, enstatite, 
mica, vaalite, zircon, cyanite, magnetite, titaniferous iron ore, 
barytes, hornblende. 

The reddish, sandy soil of the surrounding country is under¬ 
laid with a decomposed basaltic rock resting on a layer of car¬ 
bonaceous shale of about ^X) to 250 ft. thickness, and under 
it a bed of conglomerate on an amygdoidal old lava flow of 
about 400 ft. tliickncss, below which is quart-zite of unknown 
thickness. These ro&is arc here and there penetrated almost 
vertic^ly by igneous dykes. 

The four mines, De Beer’s, DuToit’s Pan, Kimberley, and 
Bultfontein, are the principal mines. The aggregate yield 
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diamonds during the year ending March 31,1890, was 1,608,830 
carats, realizing the sum of $2,641,557. 

Every load of blue ground of about 1600 lbs yields on an 
average: 

From tljc Kimberley Mine H to 1^ carats; from DeBeer’s 
Mine 1^ to carats; from DuToit’s Pan mine 5 ^o J carat; 
from the Bultfontein mine i to i carat. 

Rare Diamonds. 

A diamond of 83^ carats rough, 40J carats cut, obtained 
from a Kaffir medicine man l)y Van Niekirk, was sold by the 
latter for $50,000. A stone of 112 carats rough, 06 cut into a 
brilliant, has l^een ac(jiurc<l by the King of Siam. 

A stone of 12^1 carats was found at DuToit’s Pan. July 21,1871. 

A stone 2,S8f carats rough was found in 1872 by a Mr. An¬ 
toine on the Vaal Hiver, on a claim originally owned by a 
Mr. F. PepiK'r, who sold tJie claim for $150 to a Mr. Spalding, 
and the latter tiime<I it over to Antoine to work it on shares. 

A 209} carat stone, if. is said, Wits purchas(‘d by an illicit 
diamond buyer for $75 trom a Kaffir 

On February 12, bSSO, on a claim at Kimlierley, a stone 
of 150 carats was found with a hunt tinge of blue It was 
valued at $1,000,000. 

The largest stone, of 428^ carats rough, was exhibited in 
1889 in Paris, where it was cut to a brilliant of 2‘i8i carats. 

About 20% of the Cape dhunonds are of first cpniHty, 15% 
of second, 20% of tliird. The remaining 45% is considered 
to be “bort.” 

BrSiZlL —At Dlamantlna, formerly Tejuco, province of Mlnas- 
Geraes, diamonds were origjnally discovered. They are also 
found near Grao Mogol, province of Minas-Geraes, and at the 
Chapada Diamantina in Bahia. 

The washings are performed on old river gravels or on gravels 
taken from the lied of rivers. 

Anatase, rutile, brookitc, specular iron, topaz, tourmaline, 
and gold are found associated with the diamonds in the gravel. 

At Sao Joao du Chapada, twelve inilt^ west of Diamantina, 
the diamonds occur in clay, calle<l “ liarro.” 

On the Corrego dos Bols near Grao Mogol they are found 
in conglomerate rock, called pigeqns’ eggs. 
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In Bahia are also found the black, gray, or brown carbons, 
known as carbonado, used for diamond drills. 

Up to 1850, the province of Miuas-Geraeshad yielded 5,844,000 
carats of diamonds, valued at $45,0(K),000. To this must be 
added the contraband trade cKtimated at $10,000,000, bringing 
the value up to $55,000,000. For all Brazil to 1850, 10,000,000 
carats. 

It is estimated that in 10,000 diamonds collected from the 
waslungs rarely one of 20 carats is found, while 8,000 of 1 carat 
and less may occur. 

In 1851 a stone of 120| carats was found at the source of 
the Patrocinho River, Minjis-Gcracs. Somewhat later a stone' 
of 107 carats was discovered on the Rio-das-Vclhas, and in 
Chapada one of 87i carats. The “Star of the South,of 
254^ carats, was found in 1853 at Bogagan, Minus-Gcraes. 

From 18()l to 18(>7 the estimated value of the Brazilian 
diamonds was aJiout $9,440,000, 

IndiB. —Diamonds are found in superficial deposits of dis¬ 
integrated rocks; at tlic Pamui and Banugaiipilly mines in 
conglomerate of detritus and pebbles. 

On the river Pennar near Cuddapah the surface is covered 
with a mixture of sand, grit, or loam feet thick, under¬ 
laid by 4 feet of tough Idue or black muddy eartii free of stones, 
and under this tlie diamond bed, 2 to 21 feet thick, with numer¬ 
ous large romid stones embedded in it, consisting of pebbles 
and grit cemented by loam. 

The Hindoos classify diamonds a.s follows: 

1. Brahma clear, of puiti water. 

2. Chedra clear, honey-colored. 

3. Vyesa, cream-colored. 

4. Sudra, grayisli white. 

At the west side of the Nalla-Malla hills as far as the 
town of Randial, the Wda of the diamond mines are 
only about 1 foot thick, the over and underlying beds being 
pebbly. 

At Banaganpilly, five hours’ journey west of Randial, the 
diamond layer of the mines ivS, according to Dr. King, Director 
of the Geological Survey, a clayey conglomerate with pebbles, 
shales, quartz, and chert fragments. 

The “ Great Mogul,” according to Tavernier, was, rough, of 
787^ carats and was reduced by cutting to 279^ carats. 
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Borneo,-~The diamonds are found in tlie sands of rivers, 
in beds of clay, sand, and gravel. In the same rivers gold, 
and sometimes platinum, is found. 

Australia.—In New South Wales, on tlie Cudgegong River, 
nineteen miles northwest of Mudgee, diamonds are found in 
gold-bearing drift, in most places covered by a basaltic cap. 
In the. gravel are found quart/. p<?bbles and boulders, rock 
crystal, jasper, agate, tinst.one, coarse sand, and clay, and 
here and tliere after diligent search, ruby, sappliire, topaz, 
zircon, garnet, spinel, pleonaste, etc. Most of the diamonds, 
however, are suiull, the largest Iwing only 5§ carats rough 
and 3/j carats brilliant cut. 

Near Biiigera, 400 miles north of Sydney, on the river Hor¬ 
ton, diamonds occur in an old river drift whidi in some places 
is compacted into c(mglomcrate. The stones are sinall, from 
i toTi carats. 

In the tin-mining distrietK near Iverell, and in the drifts 
of V^etable Creek in New England district, also near tlie 
junction of Cope’s Creek with the Owydir, numbers of small 
diamond.s have been found, the largest of which may have 
been between 2 and 3 carats. 

COLORED DIAMONDS. 

Colored diamonds rank in value as follows: 1. Red; 2. Green; 
3. Blue. 

There are many rose-colored diamonds, but bright-red or 
ruby-red ones are extremely rare. One of 1 carat, known as 
the Halphen red diamond, bouglit by a jeweler of London and 
sold by him to a connoisseur, is almost the only specimen known 
to jewelers. It is said th; 9 .t a fine red diamond was found in 
Borneo and sold for a large sum in Paris. 

A green diamond, tlirown out of a parcel of emeralds, was 
bought for a trifle in Vienna by an EngliKhman, sold to a 
London jeweler for SI ,000, resold by him a few years after¬ 
ward for $1,500, and again sold by another London jeweler for 
$3,000 to an American. Afterward $5,000 offered for it was 
refused. \ 

In Dresden in the Gruone Gewolbe is a faded green diamond 
of 48^ carats valued at $150,000. 

Bluish diamonds are not uncommon^ but they are often 
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not quite transparent, and these are, therefore, considered as 
inferior st(.nes 

Until lately the only deep-blue stones were found in the Indian 
mines. The blue stone sjiid to have l>ccn bought by Tavernier 
in 1G42 weighed in the rough 112J carats It was sold to Louis 
XIV. in IbllS, and i.s supposed to have been cut into a faceted 
diiinond of triangular sluipe wcigliing G7i earats. A stone of 
tiiis kind was deposited in 1792 with the n‘st of the French 
regalia in the Garde Mouhle and disivppcared. In 1830 a 
stone of the same ecdor ap|xrurcd under the name of “Hope 
Diamond “ cut into a brilliant of 41^ carats. A stoi^e of the 
identical same color of about 0 to 7 earats wus sold in Geneva 
at the sale of the jev/els of the Duke of Brunswick in 1874, 
and a third stone of the same color of 1 carat was bought by 
a London jeweler in Paris for $l,n00 

These three stones arc suppastjd to have originally been 
part of the blue diamond missing from the French regalia 
deposited in the Garde Mcuble in 1792. 

BoTt or hooTl i.s the name given to diamonds of inferior quality 
imperfectly crystallizcid and usedeas for ornamental purposes. 
Such diamonds, usually of a grayish-white color and showing 
a radiated structure on fracture, are crushed and used in the 
form of powder as abrading material l>y the lapidary for grind¬ 
ing and poli.shing precious stones. 

Carbonado, carbonate, or carbon arc names given to dark- 
gray or even black diamonds of superior hardness wliicli are 
used principally for diamond-drilling tnols. 


ROUGH DIAMONDS. 

Classiflcatlon and Names In the Market of London. 


"Wliite clear cry’stals 
Bright block cleavage 
Cape white 
Light bywater 
Large white cleavage 
Picked mel6e 
Common and ordinary 
Mel^c f 

Bultfontein melee 
Large white chips 
Macklei or made 


Bright brown 

Deep brown 

Bort 

Yellows 

Large yellows 

Large bywaters 

River stones, fine quality 

Jagersfontein stones 

Splints 

Emden 

Fine fancy stones 
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RUBY. 

Ruby,sapphire, oriental amethyst, orirntnl topaz, conmdum, 
and emery ar(5 cliemically the saino substance, known as alumina, 
an o\id of aluminium, (lie chemical formuhi of which, AbO^, 
indicates its c<ttnp<->sition l>y weijrht t-o !.k‘; alurniniimi, 54 parts; 
oxygen, 48 parts; or Al 52.94 and O 47 0t> per cent 

Crystallized alumina wlien color'd a more or less brilliant 
red is rub}'; wlieii blue, sappliirc; when violet, oriental ame¬ 
thyst; when ytdlow, oriental tojiaz; when pure, colorless, and 
transparent, corundum. 

The ruliy ranks in price aliove all other stones. A perfect 
rui>y of five carats will command a price t('n thncjs that of a 
diainond of the same sizti »Such a mijy <»i ten carats or more 
is considcinnl to lie :ilm<»ht' invaluable. 

Ruby Fields.—Tin* lottalitw^ yielding rubies of commercial 
value are for the presmit limikKl to Burma, Siam, and (yeylou. 

Burma. Mining for ruliwis is carried on in ilni xalleys, on 
the iiillsides, and in caverns. 

The valleys appc'ar t^j J)c lH*ds of former lakes griwlually 
filled up by did.ritus fnun the surrounding mountains Below 
a flat alluvial soil of 15 to 20 F(H‘t lliickness is tlie ruby-liearing 
clay 4 to 5 feet thick, but occasionallv thinning out to a few 
inches only. This is gimerally underlaid )>v a stratum of soft 
stone, calle<l by tlie miners “rotten stone” The mining ia 
done 1)}' digging pits of 9 or ft feet square lined with bamboos 
field in ])lace liy struts The elav extracted is waslied in 
woodi'ii irouglis, about. 5 feet in h-ngth, roughly closed at the 
lower end bv sloiu*s. 

On the hillsides the tbp soil, gcnerall\' a marll}- clay, ia 
removf'd by washing The rub\-l>earing cla\’, often 15 or 20 
feet thick, of yt'llowish-brown color, h(‘ing v(U‘\’ stilT, is under¬ 
cut, broken off. and then sbovehsl on a prciiared area under a 
stream of water for washing In tiiis clay arc intermixed 
simd, gravel, Iioulders of i-oek (puirtz, feldspar grains of various 
colors, rubies, sapphires, spinels, tourmalines, graphite, mica 
flakes, and other minerals • 

In outcroppings of the calc-spar. forming tlie base of the moun¬ 
tains, or in w'orkings on the hillsides, caverns or caves are 
often found in some places solidly filled with the ruby-bearing 
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clay. The ramificationa of tlieae caves may extend for miles. 
In places the clay is covered by stalactitic fojmations in large, 
apparently empty rooms, the walls of which glisten with calcite 
eryetals. 

Rare Rubles and Compensation to Finders.— Gna Monk, 
an itinerant peddler in Burma)*, received in exchange for a rupee’s 
worth of his goods a n-d stone from the wife of a man who 
had found it in his rice-field He recognized it a/? a ruby and 
broke it in two, sending one part to the king Mindoon Min. 
The other part was sent for sale to Calcutta. The king, who, 
in accordance with law and cust^om, sliould have received the 
whole stone, noticed tlie deception and ordered Gna Monk 
and his whole village to l)e tortured. He later heard that the 
other part of tlie stone was in Calcutta, and had it purchased at 
an enormous price. After I)eing cut in Burmah, one of the two 
portions, weighing 9^^ cjirahs, was named Gna Monk, the other 
part, of 74 carats, l)ecanie known under the name of Kallah- 
pyan, meaning returned from India. 

A stone of 100 carats was sold for 3000 rupees by the wife of a 
man who found it wliile working on a road leading to Momeit. 
The purchasc^r broke tlie stone in three parts. One part, after 
being cut in Calcutta, weighed 70 carats and was sold in England. 
The second part when cut weighed 45 carats and was purchased 
in Mandalay. The third part was sold in Calcutta for 70,000 
rupees. 

The stone, which is said to be the finest ever seen, weighing 
in the rough 44 carats and when cut 20 carats, and named 
Gnaga Boh (The Dragon Lord) was found at Bawbadan and 
given to King Tharawadis, and is supposed to have passed 
into the possession of Theehaw. 

A fine stone of 100 carats in the rough was found on Pingtoung 
Hill and was presented by Co-dwa-gee to Theebaw soon after 
he became king. 

A rich-colored stone of 37 carats, cushion shape, and an¬ 
other stone, 47 carats, of blunt drop shape, were brought to 
Europe in IS75. Thev were recut in London, so that the 
37-carat stone was reduced to carats and the 47 to 
38A carats, and were so much improved that thev were con¬ 
sidered the finest stones in color yet seen The smaller stone 
was sold for $50,000, the larger for $100,000. Two such 
rubies have never been seen at the same time in Europe, and 
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there is no royal regalia in Europe which can display the like 
of them. 

In the Russian regalia is a nihy <he size of a pigeon's egg, 
which was presented to the Empress C'utherine hy Gusttn uo III. 
of Sweden on a visit to St PeUTshurg in 1777. 

A rui)y the size and form of lialf an egg cut en cahorkon is 
mentioned with groat admiration hy ('imrdin. It has the 
name Thelk Lephy engraved on the end. 

Two engraved rubies, one with the head of Jupiter-Scrapis, 
the other with a full-length figimi of Minerva-Polijuia, were 
in the Exhibition of 1S51 from tlic Hope collection. 

Slam Rubies. —The ruby mines are in two principal groups, 
those of Bo Navong and Ijinse of Bo Channa. At Bo Navong, 
province of Kvat, the surbu^'of the mining district of about 
two square miles consists of a.coarsc* yellow or brown sand rest¬ 
ing on a l^d of clay. In the .sand in a layer of b to 10 inches 
above the clay the rubies are found. The mines are holes of 
from 2 to 4 feet in depth. 

At Bo Channa the ruby-bearing layer is from 6 to 24 inches 
thick. Some of tlie pits are 20 foot. deep. 

Ceylon Rublc.s. —The rulues are found in detritus in the 
valleys and in the sands of rivers in the neighborhood of Ratna- 
pura and Hakwena. The stones are generally of very pale 
color and of little value as gems. 

The Indian cuts the stone for woiglit, while the European 
cuts it for effeet and Ixrautv. The part of a cut stone above 
the girdle should be one third, while the hack should he two 
thirds, of the whole thickneas in order to produce the best effects 

THE SAPPHIRE. 

Under the term sapphire are included corundums of any 
color or tint except red, but more especially tho,se of n blue 
color similar to that of the com-flow'er The red corundums, 
as we have seen, are known under the name of rubies. There 
are green, yellow, gray, and even colorless sapphjrA, the latter 
being liable to be mistaken when skilJfjjllv cut for diamonds 

The sappbire-vielding localities now' worked are Siam. Burmah, 
Cashmere, and Ceylon Those from Siam are considered the 
finest. Those from Burma are too dark. Cashmere- has fur- 
flisbed some fine stones, but a gre,at many are grayish blue, 
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and the stones from Ceylon are too light colored to lie of great 
value. Stones from Montana have greenish and other tints. 

The imperfections of t.Jie sappliire consist in clouds, in 
variously colored and milky lialf-o])a<(ue spots, in whito glassy 
strips, in rents, knots, silky Hakes. A sa|)j)hire of a purple 
tint will show the “silky’' def(K.‘t and t!ie stone i»f greenish 
color will have tlie “milky Haw” in mo.st cases. 

Slam Sapphires* —^These stones are principally mined in 
the province of Battaiiibong, and a-ssociated witli rubies in 
Cliaiitaboon and Krat. 

Tile Bo Pie Kin mines in Battambnng furnisli about five 
eighths of the sappliirc.?. Tlie stones are of an unrivalled 
velvety-blue color, generally richer in the large tlum in tlie 
smaller stones. In tlie Phelin \ alley the sapjihire-bearing 
layer is clay, mi.ved with but a few gra\el stones, about 2 feet 
under the surface. 

The gem-bearing country of Siam comprises an area of about 
100 square miles, the port of (’liaiitaboon being the trade 
centre. 

A company organized in 1800, who work the mines system¬ 
atically, consigned 30,(KM) carats to Ijondon in 1802. 

Burmah Sapphires* —They arc found associated with rubies 
and are generally of a dark color. 

Cashmere. —A landslhlc liaving laid I>are the rock,sapphires 
were discovered aiiout the year ISSO in tlie lungliborhood of 
Padar. The sapphires wem fomul in granitic detritus, liigh 
up in the mountains in the sides ot a valley. 

Ceylon* —Tlie stones arc found in river-lieds or in lieds of 
gra\’el 0 to 20 feet bedow the surface. Some of the .sapphires 
are white, some yellow, and others are party-colored; the blue 
ones are often of pale color. 

Montana) U. S. —>Sappliin‘s are found in old river h'lraces, 
mostly near the bed-rock along t!ie Missouri Biver for a dis¬ 
tance of about If) miles. These old river terraces are cov'ered 
with alluv’ial deposits of sand and gravel from a few' inches 
to 20 feet'tliick. Tlie stoiu^ are greenish, blue, and red of 
various shades. /• 

Sappliires are found in manv part-s of Australia, in Borneo, 
Madagascar, in the Tral Mountains, and in many parts of 
Europe. The European sappldrt's, however, are of no com¬ 
mercial value except for scientific purposes. 
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Star Stones. —Rubies or sapphires which display, wheu 
cut en cahochon, a starlike reflection are known under the 
name of star stones. Tiicir value is dt'tennined by (piality 
and color. 

Spinel and Ralas Rubies. —Spinels occur in a great variety 
of colors as caiininc-red, rose-iX'd, reddisii brown, orange-green 
blue, j)urple, puce, violet, and 1«T(‘ and there white and yellow., 
Ihcrc are stones wliicli are opa<pie. djirk-colorcid, and even 
black, hut these are not nserd as ornamental stones. 

The main ]>*euliarity of the sj)inel <;oiLsists in the pheiionienon 
of tiio ]iale-yelluw color of tlie liglit reflected from the depth 
of the stone, wliutover its color may !>e. 

Spinel is found along wifli rnl)y in Biirmah, (.Vylon, and Siam, 
in the ruhy earth and iml)eddeil in culc-spar. often in fine 
octahedral crystals; in y\fghanLstan in micaceous crvstalline 
limestoiK*; in Tartary in tlie famous mines of Balas Ru])y at 
Badakslnm and rslKikistan; in Ahetoria in tlic Ovens River; 
in Now South WahiS in aiiriferons dejK>siis on the (^udgegong, 
Peel, Macijuarie, Severn, and other rivem. Some iuive been 
found, of no value, however, to the jew'eler, in Boliemia, Tran¬ 
sylvania, aiui in Sweden. 

Balas or Balais rul>y is a pale or r(K<e-red sjunel with a blue 
tinge at the angles of the octahednai. 

Pleoiiasto, an opa<j\ic bhick variety, is not used as a gem. 

Ihe spinel is a comjjound of aljimina and magnesia of the 
clicmical ionnula AlgOAl^O^; alumina, 71.120; magnesia, 
28.871 jH'r cent. 

Emerald.' - riie crystalline form of the emerald is a six- 
fiided or hexagonal prism witlmut striafions. Tlio color is 
bright green, sometimes grji,ss-gTeen or gieenisli white, wliich 
is resolved by the use of tlie dichroiscope into yellowish green 
and hiuisli gnum The coloring Is supposed to ))e due to oxid 
of chromium, wlucli enters into Iks constitution. 

Tiie emerald, the b(*,ryl, find the aquamarine are chemically 
Bubstantially tlie same mineral, and (heir main characteristics, 
are in color and other qualifications important to* the jeweler. 

Emeralds are found on tlie Asiatic si<Jeof tlie I'ral Mountains- 
and very fine stones are found in the mica scihst at Stretnisk, 
on tlie river Takowja, north of Ekaterinburg. 

They occur in the mountains of the Saliara in mica schist; 
in the bed of the river Harrach; it^ Algeria in lamellated lime 
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.stone; in the flenbachthal, in S.alzburg, in mica schist; at 
Suarum, Norway. 

The most important mines of tliis mineral are in the Republic 
of Colombia, alxait Tf) miles K.N W. of Santa I'Vs de Bogota at 
Miizo I)iscover(*(l in LW), the mines ar<‘ now worked by a 
company win* pay annually ns rent to (he government. 

Tim matrix of tiie enier.nid at the Muzo mines is a bltuminoug 
lim’^sfone rich in earbon, resting on red sandstone and clay 
slate. The otneralds aiv found in p<K‘kets, and tbc mining is 
therefore \ery precarnnis. 

In aceordanre with tlie elieiniral formuJa of the emerald, 
3CClO).Cr().Al2(\,b(Si(>2'), its com|K».siti(m in {kt cent is: 


Gluciria. IS.ol 

Alumina. IS.01 

Chromic o.n'kI. 12.25 

Silica. 50.22 


99.99 

Aquamarine or Beryl* —Occurs in various parts of the 
world in granite mountain.^, in inicaeeous clay, etc. They 
are <ii.stinguished according t.o shade and col(»r: In aquamarine, 
light sky blue; Siberian aquamarine, faint light greenish-blue; 
aquamarine chry.solite, greeni.sh yellow or yellowish green; and 
in Beryl, light yellow of different shades Composition: Silica, 
67; alumina, 19; glucina, 14; hardness, 7.5; spodftc gravity, 
2 7. Hexagonal. 

In a collection, exhibited for some 3 'eare in tlie Kensington 
Museum, was one of the finest stones of ozs weight, said 
to have l>eIonged to IMnee Murat. It is a .sword-hilt, t)eautiful 
and perfectly pure in color, and a unique specimen of the 
lapidaries’ art, An aquamarine, wjtli an eng^a^’^ng of a female 
holding a bagpipe, light drapery floating around the upper 
part of the body, is in the same collection. 

An aquamarine by 2| iiicbea adorned the tiara of Pope 
Julius II. 

Fbenakite. —This r/inend is found in mica schi.st and 
graphite in the Urals, in Siberia, and at Pike's Peak, in 
Colorado. 

Clear, transparent, and coloriess specimens are occasionally 
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used as gems, and wlien Kkillfully cut have great hriHiancy, 
resembling somewhat the diamond. It is rernaikahle for the 
large amount of glucina it contains. 

Composition: silica, M.2; glucina, 45.<S; hardness, 7,5-8; 
specific gravity, 3; Orthorliombic. 

Zircon* Jai^oan, or Hyacinth.- The jargoans are the dull 
colored smoky varieties of which tlic finest have yellow, ))n)wn, 
and green while the hyacinths or jacinihs are transpanmt, 
of a bright red and hrowm color. 

Zircon is found in a great many localities, hut only a few 
furnisii stones that can he used as gems. 'J’he lH*st stones 
are from Cananore, Calicut and (‘and»ia. Some fine ones have 
been obtained from New South Wak's and (eylnn. 

A zircon of 2 hj- IJ inches of unRurf»assed workniansliip, with 
Moses and the two tables of the law engraved on it, i.s at the 
Museum of Paris. 

Composition: silica, 34; zirconia, 06; hardness, 7.5; s])ecific 
gravity, 4-4 80. Tetragonal. 

Chrysoberyl.—There are three varieties of this mineral: 
the chrysoheryl, the true ()ricntal catWye or cymoplume, and 
the alexandrite, (kdor, light green, brownish yellow, dark 
yellow-brown, brownish red. 

It is found in the same formation as topaz and corundum; 
in Ceylon in the river sands; in Burmah and Borneo among 
pebbles; in Brazil in the diamond sands. In Connecticut, U. S., 
it has been found in w’ell formed tables and prisms, and in 
New York State at SaraUiga and Greenfield in regular twin 
crystals. When transparent it is strongly double refractory. 
Its composition is alumina, 78; glucina, 18; ferrous oxid, 4. 

The True Oriental Cat*s-cye.— The tme oriental eatV 
eye is a rare variety of chrysoberyl, and is characterized, when 
well polished, by a peculiar ray of light or line of liglit shining 
with a phosphorescent lustre. Its colors vary from pale straw 
through all shades of brown and from pale apple-green to the 
deepest olive green and in some specimens almost to black. 
The reflected line of light is nearly always white, whatever 
the ground-color of the stone may be. ^In some specimens it 
has a golden hue, which is specially vivid in sunlight or gas¬ 
light. 

The gleaming streak should cross the middle of the stone 
and move as the stone is moved., 



128 


MINERALS AND METALS. 


The chrysohcryl cat’s-cyc is principally found with other 
gems in Ceylon. 

Its composition, acconling to its chemical fomiuhi, GlOAljOj, 
is glucinu, 20; ahunina, SO per cent; a trace ol oxid of iron 
as coloring iiiafUT. 

In addition to tlio true orient.'il cat’s-cye, which is a fibrous 
variety of ciirysolwryl, there are three minerals knowm under 
tile name of cut’s-eye, all, however, of inferior hardness and 
inferior Hpecifie gravity and of a dull lustre. They are: 1, a 
chatoyant (]UarU from India; 2, a green asbestiforrn variety 
from riavaria; 3, a l)rown crocidolho from South Africa. 

Alexandrite. -Altliougli originally diseovoivd in Russia, 
tile main source of supply is (Vylon. Tim stone is- strongly 
dicliroic; it Ints a bright grocm or deep oH\e-green color as 
seen by dayliglit, which, when .‘‘eon liy candle- or gas-liglit, 
change-s into a dtmp red of a rasplicrTy tint. Some display 
the lustrous line cliaracfcrLstic of the catVeye, but only when 
they arc cut m cahot'hmi. 

Its composition is sulistantially that of ilic clirysolmryl: 
glucina, 18; alumina, 79, luid as coloring matter iron, chromic, 
copper, and lead oxid, 3. 

THE TURQUOISE. 

Turquoise mining at Khoraasan, in Persia, in the district of 
Bar-i-Moden, province of Nisliapur, is carried on in galleries 
and shafts, in veins in tlie eruptive and mctamorpho.scd rocks 
of the mountains of the district. These rocks are mainly 
composed of limestone mid .sandstone resting on clay slates, 
broken tlirough in places l>y porphyries and green stones in 
which tlic veins occur Diggings in the (ii'tritiis of the disin¬ 
tegrated rock wa.shed down in tlie valleys compose in part 
tliese mines. Tlicrc are more tliaii twenty mines with shafts 
and galleries on tlicsc mountains, some of wliich are \'cry exten¬ 
sive, but most of tliem are now abandoned. The mining in 
tlie detritas on the lower slopes of the mountains and in the 
valleys is done in a promiscuous manner. 

Turquoises have l^eii found at Los Cerillos, New Mexico, 
in small veins or as nuggets covered with white ponius crust. 
An qld excavation has lH*en dug by the Indians in the solid 
rock 200 ft. deep. In Arisiona this mineral occurs at Turquoise 
Mountain and in Mineral Park 
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At Victoria it has been discovered some time ago and is 
mined in tlie "New Discovery Mine" 

The tunjiioirtc of best (jujilitv is of a sky-blue color, which 
does not lade on exposure or iliange in artificial light. It is 
not transparent, i)Ut lias a peculiar transluconcy. 

Bone tunjuoise or odontolite is considered to be fossil bone 
or ivory colored blue by pliosplwde <»f iron. It is softer than 
the true turquoise and emits an odor when gently heated. 

The callaitc also r(‘semblcs turquoise but has a lighter and 
a duller color, witliout its vivacity and fineness. 

The cliemical composition of tlic turquoise is: 


Piiosphorus pciitoxid. 32.8 

Alumina. 40.2 

Water... 19.2 

Copper oxid. .5.3 

Iron and manganesc.oxids. 2.5 


Rd.rG Turquoises.—In Russia one proverb says: “A tur¬ 
quoise given by a loving hand carries with it happiness and 
good fortune.” Anotla^r says: "The color of a turquoise pales 
when tile ’W'oll-!)eiiig of the giver is in danger.” 

According to Nicols a tuivjuoisc of the size of a hazel-nut 
with the image of Julius Caesar engraved on it was in possession 
of tile Duke of Etruria. 

The duke of Orleans owns two: one with the image of Diana 
and the other with that of Faustina. 

In 1808 was sold a magnificent nccklaec of turquoise of 
twelve stones, each having the figure of one of the Caesars 
engraved on it. 


GARNET, CARBUNCLE. 

Cinnamon Stone. —The precious garnet is sometimes called 
^^almandine.” The color is blood-red, cherry-red, or brownish 
red, with a violet tint by candle-light 
Garnets occur in a great majiy localities They arc found 
in serpentine, in chlorite slate, mica schist, granite, hornblende, 
schists and gneiss, in glacier.streams, and .^ver beds; in Europe, 
Asia, America, Australia, and Africa 
Mineralogists distinguish the following varieties, all of the 
crystalline system and form: precious gamet» almandine 
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or carbuncle; the essonite, jacinth or hyacinth; the pyrope, 
or Bohemian blood-red garnet; the Uwarowite,or green garnet; 
the almandine, or carbuncle. 

This stone is of a ricli bluish-red color. The name carbuncle 
is applied to it when the stone is cut with a convex, more or 
leas rounded face (m rolnx-hon), the lower face sometinjes con¬ 
cave, flat, or with facets, and occasionally foiled witli silver* 
or gold. Almandine is occasionally found a.steriated with a 
six-rayed star. 

Composition: silica, 3C.5; alumina, 21; iron oxid, 34.5; 
magnesia, 4; lime, 3; manganese' <)\id, 1. CVystalline system 
and form, isometric: dwlecahedron and tnn)e/.o]iedron. Hard¬ 
ness, 7; specific gravity, 3.5 to 4 3 

Pyrope.—Of a yellowish dark-red color. They occur in 
serpentine in Bohemia and Saxony, and are stnnetime.‘4 found 
in the diamond mines of South Africa and are tenned African 
rubies. 

Com{)Ofiition: silica, 41.5; alumina, 22; magnesia, 15; iron 
protoxid, 9 5; lime, 5; chromium sesquioxid, 4.5; manganese 
protoxid, 2 5; hardness, 7.5; specific gravity, 3.7-3.8. 

Essonite. —The name applied to this stone changes in 
accordance with its color: cinitomon stone, of a light cinnamon 
or yellowish brown; jacinth, reddish-yellow brown; hyacinth, 
bright-red yellow-brown; grassularia, green. 

Essonite is found in Switzerland, in Piedmont, in New Hamp¬ 
shire and Maine, U. S., in Mexico, in Ceylon, in Siberia, etc. 

Composition: silica, 40; alumina, 23; lime, 32; oxid of iron, 
5; hardness, 7; ajiecific gravity, 3.4-3 7, 

UwarowJte, —Of fine bright green, is found in the Urol 
Mountains in gold-waehinga, but only in specimens of small 
size. 

Composition: silica, 37; lime, 33; alumina, 7; chromium 
oxid, 23; hardness, 7.5-8; specific gravity, 3.5. 

Topaz.— Mineralogists include under this name three dis¬ 
tinct minerals: (1) Tlie true topaz. (2) The oriental topaz Or 
yellow sapphire, which is in reality corundum colored yellow. 
(3) The false topaz, or occidental topaz, which is quartz of a 
yellow color. • 

The true topaz has been found in various colors; colorless, 
transparent, all shades of light blue, light green, light red, 
light yellow, and deep yellow. The cobzg, however, are not 
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stable and often bleach on exposure to sunlight. This ?tone 
occura in granite, in gravel, and sands of rivers; it is tvften 
found near tin ores The localities wliere It may be foimd 
are distribukd o^'er tlie whole known world. 

The Ooutte d’Eau Isa colorless topaz which tak(*s a very 
brilliant polisli when cut jis a brilliant 

In St. Pctcrslmrg is a crystal of t(»paz 4| inclu'S long, wide, 
weighing 31 lbs. 

A stone set as a signet-ring, with the portrait of Philip 11 
and Don Carlos deeply cut in il, and on(; of a citron-yellow 
color representing an Indian Pacclius are at the Bibliotlioque 
Nationalc of Paris. 

An anlitiue topaz witli a rcprewuitation of Sirius of e.xcellent 
workmanslnp is at St. Peh'mburg. An amulet of topaz, with 
the Arabian sentence ‘‘From God alone is .success” bored 
through it, is owned at Pari.s. 

The ciiemical com[>osiiion Of true b>paz is: silicon, 15.5; 
oxygen, 30.8; alumina, 30.2; fluorine, 17.5; luirdnoss, 8; 
specific gravity, 3.5. Orthorhombic. Riumibic pri.sm. 

Spodumene, Hlddenite. —Grayish to gree-nish-yellow, 
transparent to opatpie. Hiddenik* has a brilliant green hue. 

Occurs in many localities, but trjinsparcuit s|jecimens, the 
only ones of value as gem.s, have only betui ol)tained in Brazil. 

Composition: silica, 04.5; alumina, 29; lithia, 5.5; iron 
oxid and soda, 1.0; hardiieas, 7; specific gravity, 3. Mono¬ 
clinic. 

lolite, Saphir d’Ecau.—Ceylon fumislies the best trans¬ 
parent specimens of varioufl shades of blue and violet. The 
tint of the crystal varies wlien .seen from dilTerent direction, 
the mineral l)eing dichroic. 

Composition: silica, 49: alumina, 34; magiu'Hia, 9; ferous 
oxid, 8; hardness, 7; specifife gravity, 2.0. 'J'rimctric. 

Andalusite.—Found in Brazil in clear crystals of green and 
brown color, pleochroic: sliowing dllTeront tinU seen from 
different directions. 

Composition: AljSiO„; ailica, 37; alumina, 03; hardness, 
7-7.5; specific gravity, 3.1. ^ 

Labradorite. —Special specimens Labrador feldspar, 
which, when polished, show an irridescent play of colors, by 
reflecting prismatic hues of bright green and blue, with deep 
yellow, reddish and bright-red reflections, to which is some- 
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times added a spangling brilliancy, are the only minerals of 
this kind employed in jewelry. The body-color is dull gray, 
brown, or greenisii brown 

Composition: .silici, .129; alumina, 29.3; lime, 12.3; soda, 
etc , a 3; , 0; hardness specific gravity, 2 7. Tnclinic 

Moonstone (Orthocla.se) —This mineral occurs on the 
highest peaks of the St Gotliard, luit tlic best, specimens are 
obtained from Ceylon Its lustre resembles that of mother- 
of-pearl. 

Composition: silica, 0)4 7; alumina, IS 4; potash, 1C.9; 
hardness, ti; specific gravity, 2 ."i-2 li Monoclinic 

Sunstonc (OllKoclase).--Found in Xonvat’, but r.arcly em¬ 
ployed in jewelry. Ita color i.s reddish or deep yellow, with 
prismatic reflections .and .Kp.angling lustre. 

Composition: silica, fil.9; aliiniiiia, 24 1; lime, 5 2; sodaj 
8.8; hardnes.s, G; specific gratify, 2..5-2 7. 

Obsidian,—A volcanic glass, bottle-green, sometimes streaked 
brown, known under the name of muhogaiiy ob-sidian. 

Consist of silicate of alumina, potasli, iron, and lime. Ilard- 
nes.-i, () ,5; sivicific gravity, 2 ti Amorphous. 

Crocldollte.— Mainly from .South Africa. M'licn brown it is 
called tiger’.s-eve, when blue, hawk’s-eyc because when ground 
cn caho-hon the eat’s-eye effect is produced. 

Composition: silica, .51; o.vid of iron, .34; .soda, 7; magnesia, 
3; water, 5; hardness, 7; specific .gravity, 3 Triclinic. 

Ama/.onlte, Araazonstone.— This mineral of a beauti¬ 
ful bluisii-grccn color has betui mainly obtained from Siberia, 
but occurs at Pike’s Peak, Colorado, and lias Ix'cn found in 
Scotland. 

Composition; silica, 6.5; ahimin.a, IS; potasli, 13; soda 
and coloring matter, 4; hardness, G; 6[)ecific gr,avity, 2.5. 

Peridot or Chrysolite.—-These minerals are known under 
the general name of Olivine. When tlic color is light straw- 
yellow or yellowish green it is called chrysolite, when of a 
deep yellowish-green or olive color the name peridot is applied 
to it 

It occurs in the East, South Africa, Brazil, Mexico, Arizona, 
U. S., and New South* Wales. 

This stone should he carefully lailislied; for the final polish and 
lustre snlphuric acid has to fjo used. 

Composition: silica, 39.73; magnesia, 50.13; ferrous oxid, 
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9.19; niekel oxid, 0 95; hardness, 6 5; specific gravity, 3 35. 
Trimetric 

Chrysoprase. —This stone occurs in veins of serpentine 
Its color is transparent yellowish green of man}' sluides, which 
are liable to pale when exposed to sunlight or Imat. 

Composition: silica, 97 5; oxid of nickel, etc., 2.5; liardness, 
7; specific gravity, 2.6. Amorplious. 

Lapis-lazuli. —riii.s mineral is found in the (’ordilleras be¬ 
tween the Argentine Republic and (!liili in a thick stratum of car¬ 
bonate of Inne, wliich rests upon slat(*R, and is covered bv a 
deposit of iron ore in which (K*cur ganiet.s On top of this is 
granite. It is found in Siliena near Baikal I.akp, in the dis¬ 
trict of the Oxus, mixed witli inm (>re, in nnuiy ])ro\incos ot 
China, mixed witli pyrites in granular limestone, on the Indus 
in grayisii limestone 

The stone is us<!d for all kind.s of ornamental purposes, for 
vases, caskets, cups, buttons, for artdiitc.ctural decoration in 
buildings, and only to a limited extent for rings, pins, etc 

Composition: silica, 45."); alumina. 31 8; whIu, 9 1; lime, 3 5; 
iron, 0 8; sulphur, 0 9; sulphunc acid, 5 9; chlorine, 0.4; water 
and loss, 2.1; hardness, 5.5; sjij'cific gmvity, 2.3-2.5. Massive 
and isometric. 

Tourmaline. —This mineral is known under different names 
according to color The red is called nibellite; the blue,, 
indicoiite; the clear colorless crx'stal, achroite; the black, 
schorl. 

In some specimens one part may Im‘ green and anotlicr part, 
pink; some show a spot of red cok>r surrounded by a lively 
green. 

Tourmaline is found in Silx*ria, Ceylon, the Urals, Saxony, 
Isle of Elba, United States, IVJount Mica Maine, and in Brazil. 

Tourmalines of carmine, yellowish red, purple, rose-red, and 
reddish blue are obtained from Siberia. 

Olive-green or ycllowisli-grcen stones of a more or less dark 
color are found in Brazil and Ceylon 

Tourmaline becomes electric by friction. Those in which 
the crystalline structure Is different aV the two extremities 
or is hemimorphic arc pyroelectnc. * 

It is a mineral of double refraction and dichroic, sliowing 
different colors when seen Irom d.fferent directions 

Compoation somewhat vanablp A green stone’s was as 
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follows: Silica, 38.55; alumina, 38.4; borontrioxid, 7.21^ 
ferric oxid, 5.13; ferrous oxid, 2; soda, 2.37; fluorine, 2.09; 
iithia, 1.2; lime, 1.14; manganic oxid, 0.8; magnesia, 0.73; 
potasii, 0.37; hardneas, 7 5; specific gravity, 3-3.15 
Sphenc.—This atone is found in many Incalities, among 
whicii are many parts of .NortU America, Arendal in Norway, 
Mont Rlanc, and St. Gotliard Mountains. Tlie color varies 
from pale yellow to gR*en, and it niay be opaque and trans¬ 
parent. Only the latter variety can l)c used as a gem. 

Composition: Silica, 4.1; lime, 27; titanic oxid, 41; iron 
oxid, 1; hardness, siwcific gravity^ 3 5 Monoclinic. ^ 

Opal .—In Hungary the opal occurs in tracliitic or porphyritio 
rock, from which lead, silver, and g<»Id is also ol.)tainL‘d Tiie 
mineral forms veins filling cavities in tlie rock. Precious opal 
of great beauty has Ih‘cii found in Queensland as veins in brown 
iron stone and in otluir parts in 8andsU)ne; also in New South 
Wales di.ss(winated in a similar sandstone Mexico, Honduras, 
and Guatemala are also localities where. oj)aIs have been 
found. Most of the central Amoncan opals seem to l)e more 
transparent and less flasliy or fiery tlian the Hungarian 
oj^als. 

The precious opal cannot be said to liave any particular 
color of its own, but it lias a Dearly brilliant lustre which reflects 
and throws out rainb(»w tints, which in some specimens are 
more or less evenly distributed, while in others one part of 
the stone displays more particularly one shade or eolor and 
another part a different color. In other stones the colors 
appear more or less banded or concentrated in patches of all 
kinds of hues di.stributed over the surface of the stone; such 
stones are known as liarlcquin opals 
Stones destitute of this color^play are not used as gems and 
are known under the name of common opal 
Rare Opals.— -Pliny narrates that Marc Anthony proscribed 
Senator Nonius l)ccanse the latter was in possession of an 
opal the size of a liazel-mit valued at about SlOO.OOO Nonius 
preferred living in exile with his opal to living in Rome with¬ 
out it. « 

Two stones were exhibited in the exhibition in Paris in 1867, 
one of 180 carats, the second of 160 carats, the latter a mag¬ 
nificent harlequin opal. Roth were of drop or pear shap^ 
and they were considered to be the finest of their ciaaa. 
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An opal weighing 17 ounces, us large us u man’s fist, is in the 
Imperial Cabinet of Vienna 

In the Hope collection was an opal 1] inches by 1 inch 
which was highly transparent an<l showed very ricti colors of 
reflected green and yellow rays inters|M!rwd in dilTercnt direc¬ 
tions with rays of u bright blue and deep red. The figure of 
Apollo eiigra\'ed on it in altonUn'o was surrounded by rays of fire 

Composition: Silica, water, 12; har<lness, 5.5-0; specific 
gravity, 2-2.2 Ainorplmus 

Bock Crystal,—Rock crystals are found in caves of granite 
rock ill different parts of Swit/crland, in cavities of tlie marble 
of Carrara Tins mineral is f<»und nearly in e\erv niountainoiis 
country. Ceylon, Miulagasear, ami Hra^il, os})ecially the 
latter country, supply it in (juaritities 

One crystal in the Museum of Renic weiglis 270 lbs and 
another 255 lbs 

A block of crystals in the Natnnil Ilistor}' Museum of Paris 
measures 3 feet in diameter and weighs ><()() Ihs 

Among the J'rench national jewels is lui urn of rock crystal 
9i inches in diameter and 9 inches higli.on tiie part of 

whicli IS a representation of Noah asleep, liis childrtm holding 
a covering, and of a woman holding a !>ask(‘t of Iruit in her 
hand This urn is valued at $20,(KK) 

Composition of crystalliw^d silica is silicon, 4G.7; oxygen, 53 3; 
hardness, 7; si>ecific gmvity, 2 <>5 

CarDelian. — c'ound m nodular masses and in the interior of 
agates in Germany at OliersO-in, province of Rirkenfeld. in 
sandstone, and at Waldshut, Biulen, in agate gravel; as pebbles 
in Peataupur, Piast India, and in rivers in Uruguay Quan¬ 
tities are exported from Brazil 

Cameliana are distiuguialicd by jewelers and Lapidaries by 
color as follows: 

1. Masculine caniclian, cameliaTi (»f oUl stone, dark red 

2 Feminine carnelian, pale red and yellowisli red 

3 Sard, brown to yellow 

4 Sard-onyx, alternating layers of sard and white 

5 Camelian-onyx. blood red striped and white. 

6. Camelian-beryl, whitish yellow 

At OberStein and Idar, Germany, pale-gray chalcedony jb 
colored by chemical means a bright red and is converted'into 
ovneUaa of the richest tints > 
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Tilis stone, besides its employfueiit for rings, seals, watch- 
keys, heiids. and other siiniiar orniunents, is mucli used for 
caiti(‘o-on?raviiig 

Composition: Silica with o\id ot iron; hardness, 7; specific 
gravity, 2 0 

Agate. —Tills stone occurs in iKMhilar masses filling 
amygdaloidal cax'iticsin rock consisting in most cases of ancient 
lav'a and n^seinbling in otlier cases basalt. Nodules of agate 
are also found in river-heds 

The niineral luus variously colored lavers of all shades of 
brown, red, gray, green to l)Uick, and lias diatiriguishing names'^ 
in accordance with the arrangement antb apiKnirance of the 
colored streaks or hands The main supply laiw comes from 
Uruguay, South America, under the name of Urax-ilian agates, 
where they occur sometimes in hii^e ikkIuIcs in river-beds. 

They are workcid an<l cut into ail kinds of ornamental objects 
in and around Olxirstoin and Idar on tlie river Naiie, a tributary 
to the Rhine at Hingen, tlermany In tlio Siiine kiealities 
great skill is disphiytKl in d>eing stones all kinds of colors. 

Composition : Silica and coloring-matter; hardness, 7; specific 
gravity, 2 0 Nodular, amorplious 

Oriental Onyx, —This stone isshnilar to agate in composition 
and in the handed appcanuice of its colors. It is principally 
used in jewelry for camoos The sU>ne is translucent, with 
banded colors, principally brown, of all shades 

A kind of innrl)le wliieli is lai^cly used for architectural decora¬ 
tion, having the same coloring and sliaded hand.s, is known as 
onyx marble 

Jasper. —This mineral is found in compact masses or as 
pebbles in kidney shape in various colors and shades of green, 
yellow-brown, i)rowriis]i red. The colors fi»rm sometimes bands 
and zones 

It occurs in a great many hwalitics, and is only used for 
ornamental purposes when the colors are such as to produce 
pleasing effects. 

Composition: Silica, 99.5; oxid of iron, 0.5; liardncss, 7; 
specific gravity, 2 5. 

Jade. —The color of this stone is of a bright green. Jade 
is found* in New Zealand, and has l)een worked for ages in 
China into various ornaments It has been used somewhat- 
tor earrings and pendants and other objects of orriamentatioa. , 
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Composition: Silica, 57 7r); magnesia, 19.86; lime, 14.89; 
oxid of iron, alumina, etc., 7 5; hardness, G.5; specific gra^nty, 
2.91 -3.18. Amorphous. 


35. ORE ANALYSIS. 

DRY A.\’I) WKT ASSAY. 

Roasting for Dry Assay. — 'I'lu* ol)j<‘ot of roasting an ore is 
to eliminate tiie volatile comjK>nentH and niotals and to oxidize 
tlxe non-volatile base metals 

Ores of gt)Id, silver, and coppetr containing considprahle zinc, 
antimony, arsenic, or sulphur are r(>ash'd in a shallow rnasting- 
dish over the llame oi a Buiiscm l>urner or in a moderately 
heated muflle The ore is eontinualls stirrctl until the glow 
appearing after a short liine^»r the emanation of minute sparks 
ceases; it is then subjected to incn'used heat until no more 
fumes are evolved, when the ore U considercil to he “sweet” 
In ore consisting ])riiM*ipally of cjjpjKT and iron pyrites 
mi.x after cooling a little carlionate ammonia, cover, and 
heat moderately' till no morp fumes arc; extx’lleil 

If considerable sulphid id Dud i)r of antimony is present in 
the ore, mix with fine sand or pmeipitatiHl silica while roasting, 
to prevent caking or adherence to the roast ing-dish 

F«)r antimonial or arsenical eom|>ounds in the on*, add some 
finely ground charcoal, which should be completely burned out 
before removal. 

Scorlficatlon.— The object of scoriticatjon is to produce an 
alloy with lead of the precious metals in the ore. 

The requisite quantity of granulated pure lead, of which 
the contents, if any, of silver has previously been determined, 
is generally divided approximately in two e<iual parts, one of 
which is intimately mixed with the reagents and the roasted 
or unroasted ore, as tlie case* may be. 'Die mixture is put in 
a scorifying-dish of refractory maUTlal, then evenly covered 
with the se.cond half of the gnmulated lead, and over all some 
borax glass is sprinkle<l. • 

The scorifier with contents is placed in a decidedly hot muffle, 
which is Dept clo.sed for a few mimites \intil the lead ia melted, 
.'when air should be admitted. When the metal in the scorifier 
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is well covered with a liiiuid slag the heat is increased for a 
few minutos. The operation is considered concluded w'lien the 
liquid dag runs clean from an iron rod dipped into it. 

Cupellatlon. —Tile object of this o|X'rati<>n is to isolate the 
preoimis metals, gold and silver, liy o.vidizing tlii! lead or con¬ 
verting it into litharge and removing tlu! lattiT as it forms. 
The alloy of lend and precious inetal-s is melted in a dish of 
bone ash, called a cupel, weigliing from one (piarter to one 
third more than the lead l)Utt.on Tlie bone-iish lia.s tlie proi>erty 
to absorb the litharge as it form.s. The ciiixd is placed in the 
hot bright-red rauHie and the lead button placed on it wlien 
tlie cupel is red-hot The niuille is tlien kept closed for about ' 
a minute, when the lead is niidted, after which air should have 
access to the melted lead Wiiilc oxidizing, or tlie conversion 
of tlie lead into litharge takes plare, tlie muffle sliouki lie kept 
at a l)riglit-red lieat and flie euixd red-liot Fumes sliouki rise 
slowlv from tiie luminous and cle.ar surface of the metal. Tlio 
Iieat should neitlier lie too liigli nor bx) low. If scales of litharge 
“featiiering” .sliow on flic inner eir<unifereiicc of the cupel it 
indicates Unit tlie heat inns not lieeii too liigli. Wlien tlie last 
of tlie lead is o.xidizixl and leaves tlx; button, it is indicated by 
a film apparently revolving with great vekxiity and by rainbow 
colors showing on tlie, Inittoii’s .surface as a final film is passing 
over tho Ixi.ad Tliis phenomenon is known .as “brighten¬ 
ing,” “flashing,'' or “Idicking ” Then increase tiie beat for a 
short wliile by closing tlie, mulHi-door in order to drive the 
last traces of Iciui away Ixit the assay cool slowly by with¬ 
drawing it gradually from the muffle 

Inquartatlon. -The otiject of tills operation is to produce an 
alloy ol gold and silver in wliieli tlie proportion of the silver 
to the gold is sucli that all the silver can lie dissolved by nitric 
acid, leaving the gold as a spongv mass If tlie proportion of 
silver is too small, the surrounding gold prevents the action 
of the acid; if too largo, the gold is left aa a fine slimy precipitate. 
The operations consist in making the quantity oi silver in the 
bead or button of gold-silver alloy about 2» or 3 limes as large 
aa that of tiie gold, evjX’rienee having shown tliis to be the 
proper quantity Tlii.-. is generally done by adding tlie neces. 
eary quantity of fine silver-foil, wrapping into sliect lead, and 
cupelling 

Farting.—I3y this operation the silver is dissolved from th* 
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gold by treating the flattened gold-silver bead or button in a 
porcelain capsule or crucible with nitric acid of 21“ B., 1.16 
specific gravity (16 parts concentrated nitric acid of 44“ B. 
or 1.41 specific gravity to 30 parts of distilled water) for small 
beads. For large l)c.ads .add .after tliis tri'atment nitric acid 
of 32“ B., 1.26 .specific gravity (16 parts concentrated acid 
and 10 parts distilled water). After a wbilo beat gently 
on a sand-bath, decant the clear solution when no more action 
takes place, and wash tltc remaining gold repeatedly by adding 
distilled water and decanting. Dry and warm to drive off 
the moisluri!, then beat well for a short time and let cool, when 
the gold can be weighed. 

36. ASSAY OF COPPER ORE. 

Dry Assay.—Ascertain if .arsenic, srdpbur, or both arc present 
by roasting a .small pulverized portion of the ore in the closed 
end of a glass tube and l>,v ob-serving tiie .smell—garlic or sul- 
phurous or l>otli—of the gas evolved, and by noting tlie color and 
nature of the condensed delKWtion. If both ar.sc,nic and 
sulphur are present in the ore nii.v not less than 10 grammes 
or about l.TO grains with half its weight of saw- or charcoal- 
dust and enough oil to make a stiff mixture and lieat moderately 
in a crucilrlc until no more arsamical fumes are evolved. Cool 
and triturate, c.xpose in a shallow refractory disli to a slow 
roasting heat, .stirring continually until no more sulphurous 
gases are emitted and until all the coal from the sawdust is 
consumed. Mix the remainder with half its weight of borax 
or carbonate of soda and witii about one twelfth its weight 
of pulverized charcoal or honpblack, add oil to produce a stiff 
paste, which sliould l)e pressed in the bottom of a crucible. 
The latter, after lieing covered up and carefully luted, is e.xposcd 
first to a dull-red heat and then for ten to twenty minutes to 
a bright iieat in an air-furnace. The copper button obtained 
after cooling and breaking the crucible is refined by rcmelting 
with borax in an open crucible. To ascertain if gold or silver 
is present it may be cupelled with lend. From the weight of 
the metallic copper tlms obtained thc',^rcentage of metal in 
the ore can easily be calculated by dividing the weight of the 
ore assayed in one hundred times the weight of the copper 
obtained 
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If the preliminary test does not indicate the presence in the 
ore of arsenic, then the first roasting is omitted, and if by the 
same test no sulphurous vapors are evolved, then the ore to 
be assayed, after being dried and weighed, is mixed with pul¬ 
verized charcoal or lampblack with borax and oil and subjected 
to heat in the luted crucible. 


FllUi: ASSAY FOR SILK^ATES. 

Oxid.s and Native Copper. 

COMPOSITION OK FLUX AND ITS PH0P0HT10N TO MINERAL. 
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^ Tail-house mineral. * Kich refininp slag. 


The borax and soda are melted in an iron ladle to drive off 
the water of crystallizatirm and then pnlveri/ed. The clean, 
well-fused slag fnim former opcTarions i.s also pulverized. 

The ferrio oxkl may Ik‘ sidected fragments of specular iron 
ore also pulverized somcwliat finer. 

The ordinary natural draught furnace, wliich can contain 
si-X Hessian crucibles of about .3 ins. Jiam., 4 ins. height, placed 
on thin f^r(^-brick above the grate, may be used with soft coal, 
egg size. The crucibles, when filled, are covered with well¬ 
fitting covers of sand- and fire-clay, arc charged in the already 
wcll-licatcd furnace, and the coal well filled in between the 
crucibles. 

Tile operation sliould lie as sliort as possible, about twenty 
minutes for easily fusible tests and from twenty-five to thirty 
minutes for more resisting minenil. 



ORE ANALYSIS. 


Ui 


ANALYSIS OF COPPER ORE. 

Wet Assay.—Ascertain by preliminary tests the presence of 
sulphur, arsenic, antin^onv^'^ lead, iron, nickel, cobalt, silver, 2 tc. 
If none of these is present, then tlie ore, an oxid or carbonate, 
being pulverized, is weighed and dissolved in strong nitric 
acid. Sulpluirctcd hydrogen*gas is passed tlirough the solution, 
precipitating the coppcir as Idack snlphid. Filter and wash 
the precipitate and redissolve in very dilute af]ua r(*gia (3 parts 
nitric acid, 2 parts liydroclil<»ric acid); to this solution add 
slowly a solution of caustic potash until all tlu' copper is pre¬ 
cipitated ns i)lack oxid of cop|K*r FilU‘r and wash the pre¬ 
cipitate with boiling water and, after drying, weigh. This 
being protoxid of copptir, (^lO, is therefore composed of 63.2 
parts of copper and 16 part-s of oxygen 

If iron only is prewnit in the on; in addition to copper, add 
to the solution of the ore in nitric a<*id an excess of ammonia, 
thereby precipitating the iron as hydnited jHU-oxid, and redis- 
Bolving the precipitak; of copper formwl in the beginning. 
Filter and add the wash-water to the solution and precipitate 
the copper protoxid with caustic potash as stated above. 

l-XLCTROL'VTrC ANAIYSlS 

of Copper Ore aad Copper Compuund.s. 

The ore pulverized so a.H to pass through a 100-mesh sieve 
is carefully vS<‘unplcd and weighed. For ore of 20 p(;r cent and 
above in copper weigli out 1 gramme, increasing Mils quantity 
as the ore is judged to be poorer, to 5 grammes for the poorest 
ore. For matte of aliout 60 pt^r cent of copper 0.2.') gramme 
should be taken. I)i.s.solvc in a porcelain cvaporating-<lish 
with the smallest possible <^uantity, or about 10 c.c. of con¬ 
centrated nitric acid, and if silver is supposed to be present, 
add some hydrochloric acid. Cover with a watch-glass and 
heat on a sand-Ijatfi, driving off the free volatile acid. When 
cold add a little (about 5 ccl concentrated sulphuric acid, 
then heat again until red fumes cease to be evolved or until 
white vapors appear. 

Dilute, when cold, with about r)0 c.c. of distilled water, heat 
for a while, stirring, with a gla.<w rod, then allow the undissolved 
matter to settle. Pour the liquid contents in a filtering-funnel 



142 


MINERALS AND METALS. 


until the residue tends ta flow away. Examine the sediment, 
and il' oi a dark-colored ap[)caranee, treat it apain willi a small 
quantity of acids. Wash finally the contents in the filter 
and fill the latter three or four times with clean distilled water, 
so that all the copper solution shall he wjwlied out of the filtering- 
pa|.)er and out of the funnel in the hcakcr Ixdow it. 

The filtered c.op|)er-salt solution, may contain various other 
metal salts in solution, jus of lead, zinc, antimony, etc,, winch 
howe\’or, do not i)i(<‘rfere with tlie (dectro deposit inn of copper. 

AfU‘r candully ch'aning aiul weighirig a piece of platina foil, 
bend ititt) cylindrical form, destined to s<Tve as eatliode or to 
receive tlie depo.'^iiion of copper, the foil is iinniersed in the 
solution and ccumected by a conducting wire with the negative 
or zinc terminal of two oiie-gallon gravity cells, connected in 
series; the c(>pper or jxMiitivc terminal being connected to the 
anode, consisting in a platinum w'ire bent into a flat spiral, 
dipping ijil-o tiie electrolyte solution. 

The electrolytic dojMusilion is continued for a whole night, 
or during al>out eight lumrs. 

The solution i,s con^denxl to be exhausted of copper when 
a drop of it mixed witli a drop of sulphurcted-hydrogcn water 
on a clean whitx* surhuT (»f a fM)rcc‘Iain vessel .sliow.s no dis¬ 
coloration. A i)lack coloration would indicate that copper 
remains in the. s<»lutiou, and the deposition would have to be 
eontimuxl. As a final test add to a portion (d the solution an 
excess of ammonia, and if no (flue coloration apjx'ara the solu¬ 
tion is free of e<Ji)t)er. The clectn)des disconnected from 
the battery and withdrawn from the solution. The cathode 
is washed and a few dmps of alcohol on the copper deposition 
are ignit<'<1 When cold tlie caf,li(»dc is wuglied, the difference 
between tins and the original weight of the foil being the 
weiglit of the copper contained in tlie ore or in the compound 
treated. 

If weight of copper so obtained; 

n’’«weight of ore. treated; 
p=»;x.‘r Cent of copper in ore; 



For a number n of wldch are made simultaneously, 
the numt>er of one-gallon cells should lx* n +1, all test-electrodeB 
and cell-electrodes to be connected in eeriee. 
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Test for Detection of Traces of Copper.^ —To one drop of a 
dilute solution, supposed to contain copper, on a watch-glass, 
add one drop of concentrated liydrobromic acid. Let the 
solution evaporate slowly to one-half its bulk by placing tije 
watch-glass in a warm place, and a distinct rose color will 
appear when only niilligraininc Is present in the drop of 
solution. If more copper is present the mixture becomes at 
once dark brown or ^■ioIet. No other metal, c.vcept iron when 
in considerable quantity, interferes with tliis test. 

Examination of Copper In Ores. 

Dr, Steinbpck’s Proc(‘ss, 

Weigh 5 grammes of the pulveiizcd ore, wiiidi. when liigh 
in sulpliur and bitumen, is subjected to a prelitniiiary roasting. 
The roasted or unroaslcd ore, as tiie case may be, is put into 
a flask, and -10 to 50 c.c, of crude hydrocidoric acid, sp gr. 1,10, 
are poured over it, to wliicli, after a little while, is added 6 c.c. 
or less of nitric acid, sp gr. 1.2, diluted witli its own bulk of 
water. The mixture it dige.sted on a sand-batli tor one hour 
and boiled for about fifteen minutes. 

The solution Ls filtered into a lieaker of about 400 c.c. capacity, 
in which a pure zinc rod of about .50 grammes and a piece of 
stout platinum foil fastened to the zinc lias been introduced 
previously. The precipitation of copper begins immediately 
from tl)c warm coneeiitr.ated solution, and is complete in Irom 
one-half to three-quarters of an hour. Tiie excess of zinc is 
then loosened from the platinum foil and is removed. The 
li<iuid is carefully decanted from the partially floating pre¬ 
cipitate of copper and the spongy metallic mass, partially 
adherent to the platinum foik is washed by repeated decanta¬ 
tions with fresli water. For copper ores containing less than 
6 per cent of copper, which Ls judgeil bv tiie bulk of tiie pre¬ 
cipitated metal, 8 c.c of the normal nitric acid (acid of 1.2 sp- 
gr. diluted with it,a own bulk of water) and for ore over 6 per 
cent, 16 c.c. of normal nitric acid are added to the precipitate, 
and by the aid of moderate heat the copper is dissolved .kfter 
cooling, and just before titration witfl cyanid of potassium 
takes place, TO c.c. of normal solution of ammonia (1 volume 


1 Willium Crooks’s, “Selsct Msthods la Chemical Analysis.' 
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liquid ammonia sp. gr, 0.93, and 2 volumes of distilled water) 
arc added to the solution 

In the case where a double quantit}^ 16 c.c., of normal nitric 
acid has lieen used, the copper solution is diluted to 100 c.c 
and divided into two portions of 50 c.c., to each of whicli 10 c.c. 
of normal ammonia solution is ad<led. LoJid oxid, which may 
be suspended in the now d(‘ep-blu(* solution, docs not interfere 
with the ])rocoss. Cyanid of potAssium solution, of a strength 
tliat eac'h cubic centimetre indicates 0 005 gramme of copper, 
is now added from a measuring-l)urotfe until the blue color 
of the solution has disapjjearcd. 

Each cubic centimetre of cyanid of potassium .solution 
employed indicaUiS 0.1 per cent of copper in the original 5 
grammes of ore tested. 

37, METAI.LIUKIV OF SILVER. 

Proccs.s of double lixiviation of silver ores by solutions 

of hyposulphite of wda and of sulphate of copper E. H, Russell. 

With the exception of ores with a high ]x;rcontage of lead 
or copper, which are niorti pix)fital>ly treated by smelting, all 
silver ores raw or rofisted can be treated l)y lixiviation with 
advantagfu 

Silver ores .suitable for concent ml ion and roaMfing or for 
treatment raw am prefenibly prc|«ir«‘d l)y dry crushing to a 
size passing screens from 8 to 30 meshes per lineal inch as extreme 
limits for roll cru.slung. 

The concentration is preferabU' to lx* done i>v the dry system, 
BO that the concentrabi shall immediately he suitable for 
chloridizing roasting. Avoid wetting down roasted ore while 
red hot. 

Ores may he treated raw or roasted. 

Raw ores containing native silver, silver sulphurets, anti- 
monial and arsenical sulphurets. 

Roast(;<l ores are di-stingnished into: 

Acid ores, when the first wash-water sliows an acid reaction; 

Alkaline ores, when it shows an alkaline reaction; 

Arsenial alkaline oi^s, when an unusual amount of arsenates 
is pie.sent. • 

Solutions, —Stock or ordinary solution consists generally 
in a .solution in water of IJ to U cent sodium hyposulphite* 
The concentration may in exceptional cases be as low as 0.7; 
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per cent or as high as 3 per cent, but exceeds very rarely 2 per 
cent 

The volume of stock solution per ton of oro may vary between 
70 and 200 cuinc feet of solution and may in exceptional eases 
be even lower. 

The loss of sodium hyposulphite in lixiviatioi^ of acid ores 
is from 3 to 7 lbs. and in alkaline ores from lA to 4 lbs. per 
ton of ore 

Tills loss is compensated for partly by addition and partly 
by tiie composition of the following: 

Extra. Sulutloii.—1’Iiis solution being subject to alteration 
by exposure to air Is made whenever needed. 

Standard extra solution sliould contain 1 part- of copper 
sulphate to 21 parts of sodium hyposulphite. Therefore, to 
100 litres solution eontaining 2 25 kilogrammes of sodium 
hypofiulpliite, NajSjOg + SfHjO), 1 kilogramme of copper sul¬ 
phate, ruS(h't-5(H3()), i.s added. 

For raw, acid. an<i ar.'^enical alkaline ore.s the weighed quantity 
of copper sulphate ^•aries between 0 G and 1 2 per cent and 
for alkaline ores between 0.1 and 0.33 per cent of the weight 
of the solution. 

The volume of standard extra solution to fill the interstices 
between the grains of one ton of on* is, for raw ore, Gi to 9 cubic 
feet; for acid and arsenical alkaline ores, 10 to 14 cubic feet, 
just sufficient to saturate the ore, the volume varying accord¬ 
ing to fineness and specific gravity. 

For alkaline ore the volume of extra solution ig four to six 
times the volume to saturate the ore, or to just fill the interstices 
between tlie pulverized particles of the ont with liquid. 

A standard extra solution containing a little free sulphuric 
acid is the most permanent, and may be heated to 50® C. = 122° F. 
with safety 

It should not bo prepared with alkaline or caustic sodium 
hyposulphite solution (containing sodium carbonate or caustic 
soda). 

The extra solution which contains double the quantity or 
4.5 parts of hyposulpbitc of soda for l*i)art of copper sulphid 
is most permanent <vhen neutral and may be heated above 
50® C. 

It is employed for the treatment of ores containing caustic 

lime. 
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Precipitating SoIutionH for Lead. —A aoliition of pure sodium 
carboTKiie, NajCOg, is used lor tlie precipitation of lead salts 
as carbonate of lead In pmctico about (>50 gratumes of sodium 
carbonate are used to pix‘cipitatc 1 kilogramnie of lead. 

Witli proper precaution the amount of lead dissolved should 
not exceed 2.3 kilogrammes ^xjr ton of ore treated. 

37a. SILVER, GOI.D, AND COPPER. 

Tliese metals are precipiUtcd as sulphids from their solutions 
as hyposulphite double salts, by means of a sodium-sulphid 
solution. 

Preparation of Sodium Sulphid. —Dissolve caustic soda in 
its own Weight of water in an iron tank, filling it one-quarter. 
Rai.se the heat when solution luis taken place from 80® to 
100° C. and add gradually for 100 parts of caustic soda, 66 parte' 
of pulverized sulphur. Tlie mass will soon foam up to two or 
three times its foimer volume, and the temperature will rise 
to about 14.5° C. The reaction and complete dissolution of 
sulphur is finished in -three or four minutes 

As tile soilium sulphid so prepared solidifies on cooling, it 
should be immediately cast into cake-molds for preservation, 
or dissolved in hyposulphite stock solution and transferred to 
the storage-tank. 

The highest precipitation, 2.3 grammes of silver for 1 gramme 
of caustic soda, is obtained when 3 litres of solution contain 
1.67 kilogrammes of sodium sulphid, and the lowest precipita¬ 
tion of 1.5G grammes of silver for 1 gramme of caustic soda, 
when 10 liters of sodium-sulphid solution contain 1.67 kilo¬ 
grammes of sodium sulphid or 1 kilogramme of commercial 
caustic soda, NaHO, employed in the manufacture of the 
Eulphid. 

37b. Test of Stiver Solution after Precipitation of Lead 
with Sodium Carbonate.— Take a sample of the clear solution 
from the lead-precipitating tank into a test-tube and add a 
few drops of sodium-pliospliate solution. The production of a 
precipitate would indifate the presence of more lead in the 
wlution, which should be stirred up with a little more carbonate, 
and, when finally found to be free of lead, should be left to , 
completely settle for about thirty minutes, and then be decantedN 
in the silver-precipitating tank. 
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Test for Precipitation of Silver, Gold, and Copper. —In add- 
mg the sodiutn sulpiiid tlie silver solution should be well stirred, 
and the stirring continued some time after the precipitation 
is considered to lie complete 

Add to a sample of the clear soluiioii in a tcst-tul)c gradually 
a small quantity of siKliiun sulpliid, licing careful not to add 
it in excess When yet a slight precipitate should be produced, 
the operation is considered to be ended Ovcr-jireeipitation 
should be avoided 

In from one to four hours tlie silver sulphids will have suf¬ 
ficiently settled to decant the clear solution. 

37c. Treatment of Precipitated Sulphlds.— 1 The pre¬ 
cipitated silver sul{)iiid is collected at convenient intcn'als of 
time and filtered preferably under great pressuix*, 150 lbs. 
per square incli, in a filU?r-press TIic resulting sih'cr sulphid 
cakes are carefully drie<l in steam-lieaU'd drying-chambers, 
and may be shipped in tills couditiou to .smelters 

2 The dried sii\cr sulphid may be partially roasted and, 
with the addition of scrap-iron and borax, mulled in a black-lead 
crucible and cast into bars 

3 If copper Is present the damp sulpliid cakes are dissolved 
in sulphuric acid, to wiiich sodium nitmte is added liy tlie 
violent action sulphur is se{Kirated in the form of globules, and 
may again be employed From the remaining solution the 
silver can be precipitated by metallic copper 

4 The dry sulphids, free from lead and composed mainly 
of silver and copper sulphids, arc roasted in a muffle, the evacua¬ 
tion-pipe of which is connected to t-lic sulimerged lead blowpipe 
of a closed Roeasler convertor, a leatl-lined iron tank partially 
filled with a hot and not too acid solution of copper sulphate, 
and provided at the top with an escape-pipe. 

The dioxid of sulphur gases, evolvtMi by roasting, are drawn 
from the muffle, and, together with some air through a regulating 
cock, are forced through the sulpliate solution by a steam- 
injector, the tank being supposed to contain a cliarge from 
a previous roasting The operation ends when all the copper 
oxids in the charge are dissolved. T|ie contents of the con¬ 
vertor are discharged into a lead-lined' precipitating-tank, the 
clear solution is after a little time decanted, the alver residue 
washed and collected in a filter-press, is finally melted with 
borax and cast into bars. 
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By crystallization sulphate of copper is obtained from the 
solution and the inother-li(|uor is returned to the convertor, 

37d. Volumetric Determination of Sodium Hypo¬ 
sulphite Solutions with Iodine. 

(All ingrodients arc supposed to be chemically pure.) 

Place in a glass-stoppered litre bottle 
8.011 grrns. of iodine, 

7 5 “ “ potassium iodid, 

100 c.c. of distilled water 

Bring the iodine and tlie jiotussiura iodid together in one 
spot in llie bottle and leave in a dark, moderately warm place 
for twenty-four hours If all UKline is then not dissolved, add a 
little more potassium iodid and bring the remaining iodine in 
contact with it When all is dissol\\*d, fill the bottle not quite 
to the mark witli distilled water, leaving sometliing for correc¬ 
tion, shake and keep the solution in llie dark. One cubic centi¬ 
meter of this solution, when corrected, is equivalent to 0.01 
grin, of sodium hyposulphite 

Starch solution: Add 100 parts of boiling distilled water to 
1 part of starcli mi.xed with a little cold water. Place in a tall 
beaker to st‘ttle; decant the clear solution, and filter the rest. 
To this solution salt, NaCl, is added to saturation and the clear 
solution is kept for use in 3 or 4 ounce bottles. 

Instead of salt a little salicylic acid may l>c added to the starch 
solution; tins is considered preferable and more convenient. 

Correction or Titration of Standard Iodine Solution. —Dissolve 
1 grra of c.p. sodium hyposulphite in 100 c.c. of distilled water. 
To 10 c.c of this solution add 1 c.c of starch solution and dilute 
to 20 c c The starch in this solution should turn blue on 
the addition of 10 c.c. of iodine solution from a measuring- 
burette. If the coloration appeare with less than 10 c.c., then 
the iodine solution should be made light by dilution with dis¬ 
tilled water. 

Determination of Sodium Hyposulphite Concentration of 
neutral or slightly acid stock solutions.—To 10 c.c. of stock 
solution add 1 c.c, of starch solution; dilute to 50 c.c. with dis¬ 
tilled water. Add standard iodine solution from a measuring- 
burette .until the blue coloration of the starch appears. Each 
10 c c of iodine solution thus added represents 1 per cent of 
sodium hyposulphite in the stock solution. 
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Lc^oraiory Linnalion Teats. — Preliminary remark: The 
copper solution miuie by dissolving 2(X) grms. CuSC )4 + 5(Hp) 
in water and diluting to 1 litre or 1(X)0 c.c , and tliis copjxir- 
Bulphate solution is d(«igiiated by "Cpr” tiie methods of 
lixiviation described IxjIow. The al>breviaiion "IIy]>o ” is 
used for sodium hyposulpliik*. Tlie (luantity of puhTrized 
ore treated is i Assay Ton, or approximately lo grms., in a glass 
beaker of over 300 c.c. capacity Proceed as imlictitcd below. 

Boasted Ores* —Omit lejiching with wat-<*r; list* (•]«• first 

Cold Solution. —1. Add .W c.c. water and 25 c c. Opr.; let 
stand two liours, then dilute with waU»r to 300 c c ; add 20 grms. 

. Hypo, and two Ijonrs afterward filter and wa.sh 

2. To the ore add 25 c.c. Opr. diluUul in 250 c.c. of water; 
leave cold for two lioiirs, then add 20 grins. Hypo., and after 
two liours more filter and wa,sh. 

Heated Solutions. —3. Add to the ore 25 c.c C'pr diluted with 
250 c.c. cold water; after one hour add 20 grms. Hypo.; heat 
to 55° 0. = 131° F.; de<*aiit, then add to tlie ore 25 c.c. Opr 
diluted in 250 c c. cold wafer. After one liour add 20 grms. 
Hypo., heat to 55° C' =131° F , tlien filter and wash, 

Leach witli water by adding to the ore alxait 300 e c , stirring, 
and by decanting the ch*nr solution on the filtiT to wiiich the 
tailings are sul)s(*({uentlv transferred 

4. lx.*ach with cold water; add 25 c.c Opr diluted to 300 c.c. 
with cold water after standing twelve {»r eighte<*n hours; add 
20 grms. Hypo., and after again .standing cold ior twelve or 
eighteen hours, filter and wash on filter witii a hot Hypo solu¬ 
tion. 

5. Leach with hot water; add to al>out 30 or 40 c c, residue 
of wash-water 20 grms. Hyjw).; in one hour add 25 c.c. Opr , 
diluted to 300 c.c. with cold,water; heat to about 55° C. = 131° F ; 
then' filter and wash, 

Eaw Ores Cold Solutlonnu—6. Ad<l to the ore 20 grms. Hypo, 
in 250 c.c. of cold water; after twelve to sixteen hours decant, 
and add to the ore 25 c.c. Cpr. diluted in 300 c.c. cold water; in 
from twelve to sixteen hours add 20 grms. Hypo., and after 
again twelve to sixteen hours filter and wash. 

7. Add 25 c.c ('pr diluted in 100 e c* cold water, after twelve 
to sixteen'liours dilute to 300 c.c with cold water, and add 
20 grms. Hypo. In. from twelve to sixteen liours filter and 
wash on filter with hot Hypo, solution. 
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Hot Solutions. —8. Add (o tlie ore 25 c c. Cpr, and 100 c.c. cold 
water, after si andinji; one hour eol<l, Juki 20 grins Hypo, and 200 
c.c cold wafer, heat to 55° {' 1:11° K , then iilli r 'i d wasli. 

9. Add to tiie ore 25 c e (')U' and 250 co c^dd water; in one 
hour add 20 grins Hypo , heat to 55° (', decani; add 25 c.c. 
Cpr. and 100 c c water to the ore and after standing one hour 
cold, add 20 griua Hvjk) ; tlion heat, filU*r, and Mash. 


38€« Solubility In one Litre of Distilled Water 
of Caustic Soda, NallO, Sodium Carbonate, NujCO,, 
and Sodium Hypo.sulphlte, 


Tempe 
of W 

irature 

ater 

NumlK-.r of Gram’* DiKsoIved in 

1 Litre of Water 


c,. 

Deg. 

F.. 

Dog. 

i 

NallO N.1:.A)3 Na^S-Zb+StH^O) 


0 

32 

69.7 497.5 

Solvay sod.'i by ammonia 

10 

50 

120 9 

process has 98.7 pel eent 

15 

59 

000 

of pure Na”('0-, 

20 

68 

1 217 1 C94 4 

Caustic Mida. best quality. 

40 

104 

1041 (3 

coniiiins 70 ti) 76 per 

60 

140 

! ; 1923 

cent N.t,-<0 

100 

212 

! 2100 ' 



Saturated crlu^tic wxla aulution boils at 2ir>.r>‘’ C. = 42n‘’ 1''. 


Weight of Silver Ore Pulp, Raw, Roasted and Lixiviated. 


Weight of raw ore per cubic foot from.... 75 to 110 ii»vS. 
Weight of roasted ore per cubic foot from... 55 to 90 lbs. 

Lixiviating shrinkage of raw ore. U) to 18 per cent 

Lixiviating shrinkage of roa-sted ore.12 l.o24 per eent 


38. GOLD QUARTZ. 

Dry Assay of Gold Guartz, 

1 gramme* 15.432 grains. 

Triturate finely iti au iron mortar and weigh out. 

Gold quartz. from 40 to 100 grammes 

Litharge. “ 125 “ 310 " 

Carbonate of soda,.. " 8.5 “ 110 “ 

Charcoal, powdered. “ 10 “ 25 “ 

Bqrax, dry. “ 10 “ 20 “ 

Omit borax, mix on a clean sheet of paper and put in an asaty. 
crucible of proper size to be two-thirds filled, cover with thefqsed,:, 
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finely pulverized borax aiid heat in an ordinary melting-furnace 
unH- complete fusion T(>^vard^ the end raise heat to l)riglit 
redness,and wlien a clear liquid slag is obtaincxi, remove iniine- 
diately from the fire and pour in a button nutld. After cooling 
remove tJus slag from the lead button obtaiuetl bj’ hammering, 
and isolate the gold and silver fnun the lead by cupcllation. 

l*ropare the gold and silver alhn obtjuned for the iiarfing 
process by adding pure siKer oi gold to biiiig the })ro]>ottion 
to 21 of silver for 1 of gold in the alloy lianimer the button 
flat, anneal, roll it thin enough and reaimeal so that it can 
be Iieiit into a <*oriiet, introduce into a parting Hask and boil 
with 2 or 3 ounn^ —tH) to Dt) grammes mfne acid, of 1 2b giavity, 
thereiiy dissolving tlic silver. The gold ivinains as a spongy 
mass, w’hicli, after careful washing, is wmghed. 

As tlie gold so iibtaine«l is ne\er ahsolutelv pure and retains 
generally a small <}uautit \ of l«nl ami silver, a number of proof 
tests, generally three, are nunle simultaneously with gold of 
known fineness, and corrections arc made in accordance with 
the results oiitaiueil. 

Assay of Goltl-boarlng Pyrite.s.—1, After reduction to a fine 
powdiir, heat in a .sliallow <lish of refractory clay gradually from 
low' to bright redness in a large inuflle under constant stirring, 
until the roastal ore ceaw^s to enit sulpluirous acid gases 
Weigh out about 100 grammes of roasted ore, fiO grammes 
dry car!)onat(‘ of soda, ‘10 to /iO grammes litharge or red lead, 
5 per cent of powdi'rwl charcoal or of granulated metallic 
lead without chan*oal; mix, introiluce in crucible and cover 
with about 50 grauitnes of fused borax (Xipel the h^ad button 
obtained, and jiart tlie silver and gold alloy resulting from 
cupellation. 

2 Heat the jiowderwl raw ore wiiile adding cautiously and 
gradually nitrate of potassa until the sulphids of iron, lead, 
antimony, tin, or zine are oxabzed VMieti the mixture is 
quite melted, juid about lb parts of lead When cool, subject 
the lead button to cupellation and part the resulting silver and 
gold alloy, 

Scorlflcatlon. — Powdered gold (jiurriz 5 grammes, granu¬ 
lated metallic lead 15 grammes for ncli ore to 25 grammes 
for poor ore, borax calcintfl, 5 grammes. Mix the ore and 
lead, put in a shallow cup of refrsetorv clay, a scorifier, add on 
top 15 to 20 grammes more of igranulated lead, cover with the 
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borax, put in the muffle, the latter being decidedly hot, close 
the muffle until the charge is melted, rc^juiring about ten to 
fifteen minutes. K\jM)sc to a current of lieatcd air, thereby 
converting part of tlm lead into litJiarge. 

Towurd.s tile end of the (»jK*ra1ion heat for a short time very 
strongly. The operation is concluded wlicn a small red-)iot 
iron rod (Ii))i){>(i irj tlie mixture is on witlidrawal covered by 
a film of lliiid -seoiia, running oil clcjin It is ofU'ji desirable 
to add to tlie Ijijuid mixture about 1 granurms (d charcoal 
or anthracite to reduce part of (he litharge into nietalllc lead, 
which, in sinking througli tlie scoria, carne.s small particles 
of suspended gold dowm. The button, or prill, obtained should 
weigli from 25 to 3(1 grammes and should ])e soft and (juite 
malleable. 

Assay CupoIIatlon. —Cupels: Tres.s moistened bone-ash 
into cup-Hke blocks of about 15 or 20 mm. diameter and lOinm. 
thickness Keep in a dr)' place for .several monllis 

Preliminary As-say.—(1) Weigh \ gramme of the alloy to be 
assayed, and if from appefinuice ci»pper is .supposetl to be 
present, wrap tlie as.say pi«?e in 32 times its w-eiglit, 1(1 grammes 
of finely rolled pure sheet lead and cupel. hVom Ifie color 
of the resulting button the proportion of gold and siher can 
be judged by an e\f)erienctxl assayer. 

(2) To i gramme of the alloy to he assayed, add 2il times 
its weiglit, or 1.25 grammes, of assay .silver. Wrap the two 
metals in 5 grammes of pure lead foil and.cupel The weight 
of tlie silver-gold butt,on obtained, subtracted from tlie weight 
of the gold and silver originally employed, gi\ cs the copper 
contents of the assay. The btitton is tlien flattened and dis- 
r. >lved in two lots of hot nitric acid. The preci[)itated fine gold, 
after washing and drying is heated to rednes.s and weighed 
when cool. From the weight of the silver-gold button the 
weight of the pure gold plus the 1.25 grammes of the assay 
silver are subtract«!d, and the dilTeronce gives the weight of 
silver in the original } gramme of assay. 

Chip two small pieces from diagonally opposite comers of 
the gold ingot to be assayed, one from tlie top and one from 
the bottom. Flatten on an anvil by hammering. Roll out in 
thin strips Wcigli from J to I grm., add fine silver if necessary 
to make the proportion 21 silver to 1 of gold. If no copper is 
present add about 30 mgrms. copper and wrap In finely rolled 
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pure sheet lead of about tliirty-two times the weight of the 
assay pieces thus prepared. 

After a number ol assays have thus I)cen prepared Ijoat to red¬ 
ness the corresjxmding numljer of eujKds in a muffle the bottom 
of which has been previously covered with ]>o\vdered bone- 
ash, and place the assays in tliccu|)els, loosely covering tljo open* 
ing with a iiot bnck until tlie assays are jnehed; then enough 
hot air is aduuttod to convert the I(;ad info Ihharge, which is 
absorbed by the cupels. Tlie o|X‘nifion is feriniiiated after 
“briglitcning/’ or the einisshni of a I»rilliaiit flju'ih of light has 
taken ])lace. Tiiis is jmniHUatel) preet'ded by tlie apjx'arance 
of iridescemt ban<ls of tlu‘ last thin films of litharge. In order 
to expel all traces (»f l<‘a<l the heat at this moment should he 
consid(M-aI)ly inen^ased fur a short time llien the numili of 
tlie rnuffli* is cIo.‘K*d and, after slowly cooling, the cupels with 
the solidilied buttons, are_ witlidmwn. 

The presence* of fondgn medals is manifestt'd by tlie cohuing 
imparted to tlie cujh'Is and by some characteristic condition 
of the slag and button obtained, a.s foUow.s. 

Cop})cr: Dark dirty green. 

Antimnny: Yellowish, «)vert‘d by slag; cracks the cupel 
when in largi* (juantilies. 

Arsenic; Diflicult to cupel; freezes the button; scorix white 
or pale yellow. 

Iron; Deep red-browm, fine gmhis. 

Chrontiuni: Dark bri(‘k-rod. 

Manganese: I >ark-blue tint. 

Cobalt Scorise dark green; grpeiiish stain. 

Nickel: (Ireiuiisli tint and slag, in wliich case the silver 
spreads out in fiat irregular layers. 

Lead: Lemon, straw- (^r orange-yellow. 

Tin: Hard to melt; acts nearly like antimony; gray scoria?. 

Zinc: Yellow; eats in the cupel and spoils it. 

Ilisniuth: Orange-yellow. 

Palladium: Greenish tint; crystalline button. 

The button of gold and silver alloy obtained is removed from 
the cupel, brushed with a stiff bruj^i, flattened on an anvil, 
and drawn out between rollers thin plough to he rolled between 
fingers into small comets, having lieen annealed between these 
operations when found necessary. 
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Lead Necessary for Cupellailon of Gold and Copper Alloys. 



l fioW 

low. 

‘MKI • 

SUO 

700 

000 

5110 i 

400 to 50 

alloy 

j ('oi>i)er 

0 

1 («) ; 

200 

;««) 

400 

300 j 

(iOO to 050 

Parfs of lead for 1 i»ait 
alloy 

1 

10 

](> 


2-1 

28 

31 


Partlni; by Nitric Acid. — lii(r<Kluf(’ tin.* cornets ttf ^old and 
2^ silver alloy into parting flasks conlauung 2 to ‘I ounces pure 
strong nitric jicid, 1 2(1 sjK'cifie grjuily, free from chlorin, sul¬ 
phuric acid, or sulphurous jicid. Hoil until the glass flasks 
have remained for 3 to 3 minutes free of fumes Pour the 
acid carefully off and wash the now jmrous corijets uifli hot dis¬ 
tilled water. liel)oiI from'15 to 2() miiiules in nitric ju-id of 
about 1.3 speeilic gra\ it\, intnxhicing a Ixill of porous earthen¬ 
ware to moderate the violent elnillilion. 

After this acid has Invn ixuired off fill tl»o flask completely 
with distilled water, coyer with a small crucilde of smooth 
porous clavs invert tlie tw'o ve.sscls so shat the spongy gold 
cornet falls through the Water in tlie cnieible, and willulraw l)y 
a dexterous movement the ]>arting flask, <‘ivoiding overflow. 
Decant carefully the water from the crurif)lc, drv thoroughly, 
and heat to redness. When cohl remove with forceps and 
weigh. 

, For correction of the rt‘sult«s check assays an’ made with 
perfectly pun* gold, in eacli cas<‘ of tlie sjirne weight, as the gold 
obtained liytlu' assay to lie cheeked. The cornet sponges from 
Lhese check.s or proofs are weighed and tlie ddTercncos from the 
jri^nal weight indicate the corm-tion.s lie made in the weight 
>f the cornet, sponge oht-Jiined from the assav button 

The silver, being all contained in tlie silver nitrate solution 
loUeoted, i< precipitated as ehlorid of silver by tlie addition of 
jhlond of sodium in excess 

This precipitate after licing waslied and pul in water acidu- 
ated by hydrochloric acid is restored to metallic silver as a' 
lark-gray powder by the introduction fif zinc or of iron, pref- 
iraitly the latter. 

The inetallic precipitate is washed with dilute sulphuric acid 
iQd finally >^1111 distilled water, dried, and fused in a crucible 
yith a little carbonate of soda or of nitre and cast. 

From the weiglit of the silver bar so obtained subtract the 
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weiglit of silver added to the assay itiid the result will be the 
weight of pure silver originally contained in the assay. 

Parting by Sulphuric .4cld. —^'I'lie alloy should contain silver 
2 to 0 parts; copper from h ti> S p<.‘r cent; gold, 1 part to be 
mehed and granulaleil li\ ponung in cold water frtun a height 
of al)out. ^ ft <hin part of granulaU'd alloy is covered with 
3.0 part.s by wei'ht of sulpimric acid of inaviimim concentra. 
lion, OC)® B , Ill aiast-iron vcsmI, lilling about two thirds of its 
capadty. TIic acid is kept boiling lor two (»r tliree'liours, during 
wlik'li fresh a.id gradually addi-d, compensating for con¬ 
sumption ami evaiairalion. ILhhIs over (lie vessels carry off 
the fume.s llnongti a conden.scr to the air 

The solul ion is It*ft to .settle and eold achl is added to accelerate 
the precipilation of the g<*ld, fn»m which the solution is care¬ 
fully decanted and the gold prf'cipitatc tliorougldy washed, 
adding Ihi’ wash-\vaU*r to the sulphate .solution in the silver 
precipitating-tank 

The yet- hut m-id solution of sulphate of silver i.s run in a 
wooden tank limd wilii Icjid, pro\i(led with Inclined hinged 
covi'rs ami eontaining metallic copjK'r shavings, or slabs or 
ingots of copjHT covered with eold wat(“r After a violent 
cliomical reaction, the metalli* silver i.s fiere precipitated as 
a beautiful silv<‘r mass in about twenty-four Iiours, the silver 
having berm n'pl.aeed )»v eopjvr, which remains in solution as 
sulplmte of copper This, aft-er concentration, is .submitted 
to crystallization, priKhming crysttils of sulpiiate of copper or 
blue vit.n{>l. 

To the precipitaf.eil gold when dry is added a small quantity 
of fresh acid and the wlmle transferred to a .smaller cast-iron 
vessel, in which it is sulnnitted to at Ica.st five .succcs.sive boil¬ 
ings eaeli witii a small <|uantity of fresh sulplnuir acid. The 
decanted acid fre m tlmsc boilings is reserved for a fresh <iuan- 
tity of gold and silver alloy to be parted. 

The gold precipitate is then tlioroughly washed with cold 
and hot water and, if very fine, pressed into cakes, which are 
dried in a current of warm air, then melted in a graphite crucible, 
and if a trial .sample shows the metal to he tough it is cast into 
bars. If the trial sample shows brittleness, wliich may be due 
to a minqt,e quantity of lead, tlien the gold is fluxed with nitre 
through an ^‘eye” in a cover of bone-ash. 

The silver precipitate is also compacted into cakes by 



166 


MINERALS AND METALS. 


hydraulic pressure, dried in a current of warm air, and melted 
with nitre only when selenium or tellurium is present. In 
this case the spongy .silver ha.<? a dark color, and would pro¬ 
duce a brittle metal melted without nitre. 

39a. FOUPIKJN METALS IN GOLD ORES. 

Platinum in auriferouH gravel. Collect the gold with mer¬ 
cury; boil the remainder in aqua regia, evaporate to dryness, 
then add some dilute liydi'ocliloric acid, boil, and lilter. Add 
to the filteretl solution a strong .solution uf sal ammoniac. 
If the precipitate foriiu^d has a bright-yellow or reddish-yellow 
color, platinum is pr<»«mt in the sand. 

When only 2 jier cent platinum is present in cupellation 
the button remains flat and its solution in nitric acid is colored 
straw-yellow. The iridescence is not as brigiit and lively and 
is more prolonged, and on s<»lidifying the button remains dull 
and tarnished. 

Dissolve 10 grainines of finely powdered ore in nitric acid 
not neccRsarily concentraicd. For the detection of 

Lead.—Add to a portion of the solution somewhat diluted 
sulphuric acid. A white precij)it.ate will be insoluble lead 
sulphate. 

Zinc,—Ammonium sulphid with the nitric-acid solution 
forms insoluble zinc sulphid. 

Blsmuth. -Water added to a portion of the nitric-acid 
solution in a small tp.st-tubc foniw a white precipitate. 

Iron as ferrous salt in the nitric-acid ore solution and potas- 
sium-ferroeyanid solution fonn a white precipitate turning blue 
on exposure to air; with iron as ferric salt and potassium-ferro- 
cyanid solution the result is a precipitate of Pru8.sian blue. 

Manjranosp.—In the nitric-acid solution, ammonium sulphid 
forms a precipitate of flesli-colored nmngane.se sulphid. 

Nickel solution forms precipitates will) ammonia colored a 
deep blue; with potassium ferrocyanid, greenish white; with 
potassium and sodium carbonate and caustic potash, light 
green. 

Cobalt solution willF ammonia forms a blue precipitate 
soluble in excess w'ith a l>row'n-red color; with potash blue, 
turning, on heating, violet and red; w’ith potassium ferrocy’knid 
grayish green. 
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Mercury solution, with caustic potash or soda, forms a yellow 
precipitate; with hydrogen or ammonium sulphid, black. 

The part insoluble in nitric acid after tlie solution has been 
decanted is heated, so as to drive out all nitric acid and dilute 
hydrochloric acid added and rehoated. If to some filtered 
solution liydrogcn sulphid is added and tlic precipitate is soluble 
[n ammonium sulphid, the presence of arsenic, antimony, or 
tin is indicated. 

Arsenic,,—Arsenious-acid solution witli liydrogcn sulphid 
forms a bright-yellow precipitate soluble in ammonia; with 
cupric sulphate and sonic alkali a brilliant yellow-green pre¬ 
cipitate soluble in excess <»f ammonia is obtiiined. 

Antimony in its solutions with luetallic zinc or iron is pre¬ 
cipitated as black powder; with metallic copper, as a shining 
metallic film soluble in potassium permanganate solution; 
with hydrogen sulphid, as iwwdcr of orange or brick-red color, 
soluble in ammonium sulphid. 

Tin as stannous-chlorid solutum witli hydrogen sulpliid and 
ammonium sulphid forms a black-brown precipitate; with 
torchlorid of gold forms purple of cassias; color brownish purple, 

39. ALLOYS OF GOLD. 



Gold. 

Per 

Cent 

Alloyed 

Per Cent 

S|)ecific 

Gravil.y 

Uemarks 

Green gold. 

Eleotrum. 

BtaoHard gold, British. 
“ tl. S. A. and 

French.. . 

Hard gold. 

Gray gold. 

70 

80 

91.6667 

Ak.1I) 

Ae2n 

Cu K .333:t 

17.157 

English gold coins 

90 

87.5 

80 to 85 

Cu 10 

Cu 12 5 

Fe 20 to 17 


Gold coin!*, LI S. A. 
and Latin union 

Grayish yellow 


For the manufacture of jewelry, alloys of gold and silver and 
copper are used. 

Gold and Tin form alloys of a ycllow'ish gray to a grayish- 
white color, mostly crystalline and brittle. 

Gold and Arsenic alloy with difficulty, but when once com¬ 
bined, the arsenic can only be driven off with intense, prolonged 
heat, its .vapors carrying some g<id w*ith them. Very small 
quantities of arsenic make gold brittle. 

Gold and'Antimony .—Brittle, and of a grayish, gray or white 

odor. 
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Gold and Bismuth. —Hrittlc, pale brownish yellow and 
greenish yellow, (\jpel.s readil}' when lieated in air, 

Gold and Load. - llrittlo, pale yellow to pjile fjray. In cooling 
ronuiin molten below the luelting-ptHnt atjd si>lidify suddenly 
with H hii'dit flash Is eiiiidoyecl for eupellalion. 

Gold and Zinc. Should be melted In elo.sed ve.ssels or part of 
the zinc \\ili \t)latili/-c An alloy 1 part- gold, 7 })arts zinc, can 
1)0 completely Aolatili/ed tK) parts gold, 1 zinc, vj^ry brittle. 
Gold 17, 'Ahc 1, pale grwnis)) yellow E(jual jiarts \ery hard, 
white Gold I, zinc 2, wl.ite, brittle An increase of zinc 
makes the allo\ ductile. 

Gold and ('adnitucu form gray and ))rittle alloy,s. 

Gold -uiid Iron. —Gold II, iron 1, pale yc'llow; ductile; 
epecinc gravity, Ib.SS.'). Ivjual parks gold and iron, gray 
Gold 1, iriJii 1, wliite, hanl, magnetie; can be tem]>ered. 

GuId>(*ob»It. —Gt)Id 11, cobalt I, brittle, dull, yrdlow; specific 
gravity, 17 112. 

Gold-nlekel,—Gold 11, rii<‘kel 1; liritlle, l»rass-C!olored; specific 
gravity, 17.(H)8, Other alloys an* .-siid P) b<‘ ductile, hard, 
yellowisli white, nearly a.s magnetic as nickel, and take a good 
polish. 

Gold-alunitniniri.—Alloy's I»elow 10 per cent aluminium are 
pale yellow, with 10 per cent they arc of a l)rilliant white. 
Gold 7S, aluminium 2.2, splendid purple with nil>y-colored 
crystals Alloys with a greater proportion of aluminium be¬ 
come gray in color. 

Gold-platlnuni. -Gold 11, plalmum 1; ductile, yellowish 
white. Equal pa l.s ductile, gold color. Gold 2, platinum 3, 
gray Gold 1, f)l.i»immi 2, brittle 

Goid'puHadium. —Alloys in all proportions Gold 4, palla¬ 
dium 1; ductile, hard, w’hile Equal parts, hard, ductile, 
gray; specific gravity, 11.079. 

Gold-o.smlum or Iridium. -No alloys appear to be formed. 
Trid-osmium separates and sinks to the bottom as black grains 
in the melted gold. 

Cold-molybdonum,—Gold 2, molybdenum 1; brittle, black. 

Gold-tuncstcn.— Alloys yellow, lu.sible with difficulty 

Gold-p<)t5i.«slum or J»odlum. — Heated together with exclu¬ 
sion of air form alloys which are decom}K>sed [)v water Gold 
10, potassium 90, when thrown on water takes fire, leaving-gold 
ae black powder 



POTASSIUM CYANID PROCESS. 


159 


Gold-mercury or Gold Amalgam. —Mercury anti gold unite 
in all proportions. It is considered that a miinlier of amalgams 
of definite pro{)or(ion of gold and irierciirv may he formed, 
some of which liu\n actually been isolafetl. The more or less 
pasty aniaigani resulting from the milling of gold ore is con* 
sidered to n dissolution in mercury of one or more gold 
amalgams of definite pr<>iH)rtion. 

The fj'ce merr-nry of amalgams eollwtcd from amalgamating 
pIatG.s, from amalgamating wells, an<l from amalgam*i(ions, and 
other sources in the mills after being ,tboroug)jly washed and 
cleaned in a nmllcr is s<iueey>ed through close stixaig cain'as 
bags, tiinnigh Inickskins or chamois leather mider wnl er, leaving 
a hard, dr)' gold amalgam behind. TIkj mercury stjueor.cd out 
may retain l)clw'een O..*) and 0 7 i>arts of gt.)l(l in 1000 parts, 
while tlip dry amalgam n'lnaining in tlio bags will retain from 
200 to 300 parts of goltl and more jmr l(H)0 parts of amalgam. 

The amalgam is formed ii»to balls of frorn 30 to 00 ounces 
in w'eight and the mercury is distillcti off in cast-iron retorts, 
either of the p(jt. form, containing 2.')0 to 1000 ounces, or of 
the cylinder form of a capacity al)ove tliis (pjantity, botli l)cing 
provided with a proper c\ acuat ing-pipc and condensing ap¬ 
paratus. 

Tlic heat of the retorts should only be raised to redness for 
a few minutn,s, w'hen all the nmrciiry ha.s distilk“d off. 

After cooling the retort inverted over a siioet of strong 
white paper or a j>an, to which the spongy gold will easily be 
delivered, if the inside of the retort before operation has imen 
properly coated with a wasli of fire-clay and grapliite When 
cylindrical retorts are employed the amalgam is put in strong 
sheet-iron trays also coated insuh* with the wash of fire-clay 
and graphite. , 

40. POTASSIUM CYANID PROCESS. 

Gold Extraction from Tailings. 

Apparatus. 

Preliminary or Intermediate Tats for tlie purpose of freeing 
the pulp of the slimv; portion produced ip stamping. The vat 
is completely ^filled with w'ater and tlie pulp is discliarged evenly 
into it through a distributing apparatus The slime remains 
fluepended in the water and overflows into a circular gutter at 
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the circumference of the vat. From 66 to 80 per cent of the 
crushed ore remains In the vat. 


Numuer, Size, and Capacity of Intermedute Vats Used in 
A Nhmhku of South African Works. 


Numtjcr 

Dianieler, 

Feet 

Heielit of 
(Staves, 
Feet 

1 Pu]}> Treat ctl 
|)cr 24 Uf)ur.'», 
Toii.s 

Capacity of 
Kach Vat, 
Cubic Feet 

4 

20 

8 ^ 

120 

2200 

2 

20 

14 

70 

4080 

2 

20 

8 

70 

2200 

2 

20 

7 1 

85 

1885 

0 1 

1 

24 

11 

330 

4520 


From these vats the pulp, after being drained, is discharged 
through openings in the bottom into tanks and conducted to 
the leaching-vats. 

Leaching->’at.s are from 20 to 40 ft. in diameter and from 
8 to 14 ft. high. 

The stave-s are niade of selected well-seasoned lumber, 3 
to 4 ins tiiick. 

The bottom of deal 3" to 0" is grooved, and tongues coated 
with white lead or with litharge and glycerin arc inserted. 

The lioops are made of round iron from l'^ to li" diameter, 
tightened with nuts at connecting pieces. Tlie bottom is sup¬ 
ported on wooden beams about G"X9", about 18" apart which 
rest on bed-plates laid on stone foundation walls 

about 6 to 7 ft, high. 

Filter.—Strips of wood li"X4", with notches J"X3" at 
intervals at tlie under side, are fastened to the bottom 12" 
apart by wooden pins. On top of these are laid crosswise 
slats 1" square and 1" apart. Around the circumference J" 
from the staves a 1" square strip forms a border. This is 
covered with cocoanut matting and burlap held in place around 
the circumference by a i" rope driven in the space between 
the staves and the border. The matting is overlaid by slate 
1"X3", laid 6" apart- for protection from shoveling. 

To the space below ^hc filter a pipe is connected with branches, 
provided with iron cecks, leading to the precipitatihg-boxes or 
to trfnks containing the different solutions. 

Solution Tanks.—There are. generally three in number, 1 for 
strong, 1 for weak solutions, and one for alkaline wash. 
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They are about 20 ft. diameter and from 7 to 14 feet in liciglit, 

Preclpltation-boxo.s are rectangular in forn), 15 to 24 feet long, 
about 3 ft high, and 3 to 4 feet wide, made perfectly tight, of 
board IJ" to 2" thick. 

Four such boxes are generally employed; they are housed 
together with pumps, maeliinery, furnaces, etc., in an extractor 
house. 

Some are for tlic passage of stwng and some for weak solu¬ 
tions. 

The precipitation-boxes are divided into compartments by 
double partitions so that tl)e liquid flows downward between 
these partitions and upward in the coniparlnieiits, the boxes 
having the necessary fall for this purpose. 

All the compartments in a box except the first and the last 
one contain removable trays of wire screen, J'^inesli, fastened to 
wooden frames, and filled with-filiform zinc shavings, the bot¬ 
tom of each tray being abo\it 4" from the liottom of the box. 

Through tlic first compartment the solution enters and 
deposits any fine slime which it may contain. From the la.st 
compartment tlie exhausted solution Ls conducted by pipes to 
a pump or tank. 

The precipitation box is generally covered by a strong wire 
netting secured by lock and key. 

Operation of the Process. —1. The pulp in the leaching- 
tank is covered with a 0.15 per c«it solntion of potassium 
cyanid in wliicli is also dissolved about 4 ounces of caustic 
soda per ton of solution. The pumping will occupy about 
3 to 5 hours. A quiet contact of 1 hour is followed by leacli- 
ing and draining for 8 hours or more. During leaching the 
pulp is always kept well covered. 

2. This is followed without intermission by leaching with 
a 0.3 to 0.5 per cent solution of KCy, potassium cyanid (strong 
solution), for from 8 to 18 hours or more. After draining, or 
from the time when only a very small stream issues from the 
vat, the pulp should be left exposed to atmospheric air for 
about 4 hours 

3 Then a 015 per cent potas.sic cyanfd solution is run on 
and kept circulating for from 12 to 50 hours. After draining 
of this weak solution. 

4 . Wash-water is run through the pulp for about 8 to 24 

boon. 
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Quantity of Solution. 

1. Alkaline wasii about 7 to 8 per cent of the pulp treated 

2 Strong solution “ 50 to 55 “ “ “ “ “ 

3 Weak '■ 15 to 20 “ “ “ “ " 

4. Wash-water “ 8 to 10 “ “ “ '* 

Cyanic! of potassium J to 11 lbs per ton of tailings treated. 

In sorno'casea where considerable acids are eemtained in the 
laiungs, produced by long j'xposure to air, eacli truckful of 
tailings is mixed with the proper quantity of powdered caustic 
lime liefore it is dumjied in tlio Icachiiig-vat. Ti»e fii-st wash¬ 
ing is tlien performed with water, witli which the leveled tail¬ 
ings are covered, and thus left quiet for fully 1 hour, when 
the leaching may start, the acids being by tins time fully neu¬ 
tralized 

While tlic caustic wash is draining off, the slimy film formed 
on b)p IS broken up witii shovels, and a strong potassium 
cyanid solution of 0.25 to 0 3 per cent strength containing about 
J lb of evanid of pota.ssium per ton of tailings treated, U turned 
on and leached through for several hours. 

After draining and exposure to air, this is followed by leach¬ 
ing witli a weak vsolution of from 0.08 to 0.15 per cent of potassic 
cyanid, which is continued until the pulp is apparently exhausted, 
when the final operation of washing with water and draining 
dry is performed. 

Precipitation of the Gold. —From tlie Icaching-vat a pip© 
conducts tiie now gold-bearing solution into one of the 4 pre- 
cipitating-boxes, two of which are connected with strong solu¬ 
tion storage, one with the weak solution storage, and the last 
one witli the (‘austie wash storage-tank 

Part of the dissolved gold is deposited as a tliin film on the 
zinc shavings in tlic compartments of the precipitating-box, 
but the greatest part is separated as a very fine slimy pre¬ 
cipitate, which falls ultimately to the bottom of the compart¬ 
ment. 

As the zinc shavings are consumed by this process, they 
are replenislied as required 

Zinc consumed, 0.4' to 0.5 lb per ton of tailings, 4^ ounces 
rinc per ounce of gold extracted. 

Monibly Clean Up. —Clean water is run in the precipitating- 
box to remove the cyanid solution. Starting with the laai 
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compartment, the zinc trays arc lifted up and moved up and 
down for the removal of any adliering gold particless and tlieii 
lifted out, the zinc removed, and the frames carefully wasln^d 
bruslied in the water of tlic compartments, and placed on 
racks al)ove so ns to diip in the l>o\. 

The water from the compartments is puni]>ed out to within 
about 2 feet of tlte slime at the hollom, inU) a soltling-tank. 
The gold slime is colhicti'd into one c<)mer of each compart¬ 
ment, and after settling for a while, the remaining Ihiuid is 
pumped us much as jM)ssi)jle from the compurtincnts in the 
settling-tank. 

The gold slimes are now scooped int-o an enameled iron bucket 
from which they are discharged and washed through a fine 
sievj (900-mesiO into the clean-up tank. After the gold lias 
settled, the chfar water is siplioned or pumped froiri the latter. 
. By removing a j>Iug at the botfom of tim tank the gold slime 
run into a filter-press, or on a calico or linen filter, and the 
remainder of the water filtered out. When the gold slimes 
can be handled with a sr<H)(), they are driwl on an iron plate 
or in an iron pot, and su)>.seqiiently roasted. 

For roasting nitie (nitrat.<; of pofassa) from 3 to 10 per cent 
of the precipitate may he added before drying it in the sliape 
of a solution Tlie temjwnituro should not be raised beyond 
a dull-red heat, and stirring sliould be perfonned carefully, so 
as to avoid tlic production of dust. 

Smelting Mixture. 


Clean Wi'thZino Very Sandy 

Precipitate. 30 lbs. 30 Hxs. 30 lbs. 

Bicarbonate of .«oda. I.*) “ l.*> “ 20 “ 

Borax. 8 “ 12 “ 10 ** 

Sand. 5“ 5“ — 

Fluorspar. — — 2 " 


The well-mixed charge is put in portions into a plumbago 
crucible No. 3.*), each successive portion bto'rig added when 
the preceding one is well melted down. Wlicn every part of 
the charge Ls fused to perfect litpiidity, which requires a rather 
higher heat than for melting gold alone and a very good fur¬ 
nace, the mass is transferred to conical moulds. After the 
mass is cool the .slag is liaintnered from the rnctal 
Several pieces of bullion, obtained in this manner from one 
<;leaD up, are remelted together with borax at a low heat and 
,are cast in one ingot, avoiding Hquaiion by quick solidification. 
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The slags are crushed and the metal which they contain k 
recovered by panning or cradling 

The bullion obtained ranges in fineness between 600 and 
800. It is contaminated with silver, zinc, and occasionally 
lead and cariion 

U. S. Patents Covering the Process, —J S. McArthur, R. W. 

Forrest, and W. Furrest, No 403,202, May 14, 1889. ProcoBS 
of obtaining gold and silver from ores. 

J S MacArthur, li \V Forrest, and W. Forrest, No. 418,137, 
Dec 24, 1889 Process of separating gold and silver from ores. 

J C Montgomerie, No 532,895 January 22, 1895. Process 
of extracting gold and silver from ores. 

40a. ELECTROLYTIC GOLD EXTRACTION from Potas¬ 
sium Cyanld Solutions.— Siemens CTid /fafsfce. 

The tailings of the leaching-vat are treated with about 7 per 
cent of alkaline wash followed by leading with about 50 to 
55 per cent of a potas.sic cyanid solution of 0.05 to 0.08 per cent 
strengtli and about 15 per cent of a potassic cyanid solution 
of 0 01 per cent strength and afterward washed with water 

Tlie precipitation takes place in four electrolytic precipitation- 
boxes, each 20 ft long, 8 ft wide, and 4 ft deep The anodes 
are made of iron plates J in thick, of a length occupying the 
whole width of the box. about 3 ft deep, so placed in the 
boxes that they form regular compartments of about 3 ins. 
^ndth, through which the solution flows alternately up and 
down. They are surrounded by canvas forming electrolytic 
porous cells. Tlie cathodes are made of thin sheet lead 2 ft. 
by 3 ft weighing about 1 lb. each sheet, three of them being 
stretched side by side on a light wooden frame, bung between 
the iron plates about li ins. apart, each box containing 87 
such frames 

The iron anodes are connected to a copper rod at one side, 
and the lead cathodes to a similar rod at the other side of the 
precipitating-box; the two copper rods being connected by 
conductors to the + (positive) and — (negative) posts of a 
dynamo, furnishing a burrent of about 0 06 amperes -per square 
foot of cathode surface at 7 volts, requiring about one horse¬ 
power per ton solution treated per hour. At the ^‘clean up,'^ 
which generally takes place once a month, the cathode fraiE^ 
are lifted out one after the other, the sheetaof lead now oovo^ed, 
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by a hard deposit of gold arc removed, and iniincdiately replaced 
by new sheets of lead in the solution. 

The gold-covered lead sheets of one “clean up” are then 
melted (f>2Pther, and tlie gold is cxtnicted from the lead alloy 
by cupellation 

Iron is dissolved about J lb. per ton of solution treatc'd. 

Consumption <»f potassium cxnuid in tills process is about ^ 
lb. per ton of tailings treated. 

Extraction of line gold about 70 per cent 

40b. Tests and Preparartion of Solutions. 

Determination of Caustic IJincto iK'Utralii^e aciiiitv in tailings 
—Put 1 kigin of the tailings in an onanieled or glared vessel, 
cover witli 2 or 3 litres of water, stii, and leave quiet for a 
while Test uith blue litmus p<aper, which will turn rod if 
acid is present Add graduallv from u weiglied quantity 
(50 grms) of powderini quicklime until the red color of the 
litmu-s paper is again converted into blue W(‘igh the remain¬ 
ing quicklime, W'liicli by subtraction Irom the original (luantity 
weighed gives the quantity of caustic lime which has to be 
added to each kilogranime of the tailings to be treated. 

Strength of Potassium Cyanid. KCy Solution. 

1. Dissolve in 1 litre of distilled water 13,03 gnus, of chemi¬ 
cally pure nitrate of silver 

Add tills solution gradually from a Imrctte, divided into centi¬ 
metre cubes and fractions, to 10 cubic centimetres (c.c ) of the 
potassium cyanid solution to be tested, until a whit e preeiju},ate 
begin.s to be perceptible. 

Each cubic centimetre of silveridtrato added indicates the pres¬ 
ence of 0.1 per cent of potassium cyanid, KCy, lu the solution 
tested. 

2 Of a strong solution from a dissolving-tank dilute 10 c.c. 
with distilled water to 100 c.c In this ease each cubic centi¬ 
metre of the standard nitrate of silver solution added to 10 c.c. 
of tliis diluted-test solution indicates 1 per cent of potassium 
cyanid in the solution 

3 Fof very weak solution dilute 10 e^c. of the standard silver- 
nitrate solution to 100 cc Each T;ui)ic coniimetre of this 
last solution added to 10 cc ol a potas.sium-cyanid solution 
to be tested indicates tlie presence of 0.01 per ceilt of KCy. 



166 


MINERALS AND METALS 


Preparation of Potasslum-cyanld Solutlonsi —The cotnmercial 
article contains about 80 to 90 per cent of pure potassium 
cyanid 

Lumps of the salt are placed on a filter mode of a coarse 
sieve covered with jute, and the water solution is pumped 
over it, and kept constantly circulating. Tlic insoluble im¬ 
purities remain on the filter They are chiefly composed of 
carbide of iron, and arc, after wasliiiig with water, thrown away. 

Tlya constitutes a very strong storage solution from which 
the stock solutions for leaching are prepared 

If p—percentage of K(’v in the desired stock solution; 
n=percentage of KCy in the existing stock solution; 
7n=percentage of Kt'y in tlic storage solution; 

Q = quantity of existing stock solution; 
g = cpiantity to l»e added from the storage solution to the 
stock solution in order to bring it to the required 
per cent, p; 

40c. Gold fn Potasslum-Cyanid Solutions. 

1. Buchanan’s method: To 195 cc of the gold potassium- 
Cyanid solution in a half-litre glass flask add a few drops of potas- 
sic-chromate solution, and c,f a 5 per cent silver-nitrate solution, 
until the reddish tinge of the test indicates the completion 
of the reaction. From 10 to 20 grammes of fine zinc shavings 
are now thoroughly mixed with the solution, and from 2 to 
3 c.c of 10 per cent sulpliuric acid added In about ten minutes 
^d excess of acid to dissfdve the remaining zinc Filter the 
precipitate, wasii, dry, incinerate on a roasting-dish in a muffle, 
and cupel with some lead. 

2 Cross’s method: To a litre of potaa.siumjcyanid-gold 
solution add silver nitrate in excess, filter the quickly-settling 
precipitate on a large filter After drying, put the precipitate 
in a covered crucible with flux and say about 30 grammes of 
litharge, melt and cupel the lead button ohtwned, and part 
the gold from tlie silver If the potassium-cyanid solution 
is strong, add acid to neutralize the excess of potassium cyanid, 
avoiding therel>v a too large consumption of nitrate of silver 

Test of Ore for Gold Extraction b; Potasslom^cyatild 8oIq- 
tlons.— 1. A portion of about 200 grammes of a sample, crushed 
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flo as to pass a SO-mesh sieve, is shaken for about twenty minutes 
with 100 c.c. of a 0 5 per cent potassium-cyanid solution in a 
glass-stoppered bottle. 

If, after a teat of a filtered-off portion of the solution, it is 
found to have 0.4 per cent strength, the consumption having 
been 0.1 per cent potassium cyanid of tlic solution, or 0.05 
per cent of the ore, the latter being double the weiglit of the 
solution in the test, the ore does not require prclinpnary treat¬ 
ment before leacluug with potassium-cyanid solution. 

2. If from the test of the filtered solution it is found that the 
consumption has been excessive, a fresh portion of 200 grms. 
of the crushed ore is mixed with water in a stoppered bottle, 
and a solution of 10 gmis. of commercial caustic soda in 1 litre 
of water is gradually added from a graduated burette, and 
the mixture sliaken until a drop of the litjuid from a glass 
rod dipped in it will turn red litmus paper slightly blue. Each 
cubic centimetre of the caustic soda solution added will indi¬ 
cate tV = 01 lb. of the same quality of the scxla to be needed 
to neutralize the cyanid-destroyjng substances in one ton of 
2000 lbs. (>f the ore, 

3. If this test should show that more than 3 lbs. of caustic 
soda should be needed per ton of ore, then another sample 
of 200 gfms of ore should be water-washed l)efore adding the 
caustic-soda solution, and the neutralizing proportion for this 
washed ore determined. If this should show a reduction of 
the quantity of caustic soda required per ton of ore, tlien the 
ore should be washed before treatment with the caustic-soda 
solution. 

Cyanlcld is the technical term employed in this process to 
express the quantity in pounds of caustic soda needed to neu- 
trali^e the potassium-cyamd-destroying substances in one ton 
of 2000 lbs f f ore. 

4 Copper in the ore is detected by adding to the filtered 
solution of No. 1 nitric acid, evaporating to dryness, redis¬ 
solving in a little more nitric acid, diluting with water and 
precipitating with ammonia, the presence of copper being 
indicated bv the blue coloration of the liquid. 

5 The time necessary to expose th^'ore to the action of the 
potassium^yanid solution and the proportion of gold extracted 
are determined by weighing out a number of samples, each 
of about 200 grms., subjecting’them to the preliminary treat- 



MINERALS AND METALS. 


meut with alkali wash or water indicated by the above tests, 
then adding 100 c c of 0 .*> per cent potassiuin-cyanid solution 
to each sample in a convenient v(‘?jsel, wliich may be a lamp- 
chimney stoppered at one end li\ an india-rubber stopper, 
provided with a short glass ttibing, closed bv a sliorl piece of 
rubber tubing and a bnreffe clip The stopper i« eo^•e^(?d on 
the inside with a Hltcring innicnal wliicli imiA bo filtering- 
paper. n piece of spongv, or asbestos f.l)r(‘ 

One sample is cxjxmid to tin: action of tlic potassic-cyanid 
solution for one d.ay, the second for two days, tlie third for 
three days, etc 

The solutions are successively drawn oiT .'incl each testefl for 
its contents of potassium cyaiu'd; tlie samples of ores so treated 
are successively w’ashed and c^ich sample is assayed for the 
gold left in it. 

A aumple of original ore, not .subjected to any solution treat¬ 
ment, should previously be assayed to determine the gold con¬ 
tents in tlie ore. 

A comparison of the as«iy after Ircsitment, and the assay 
before treatment, will tljcn determine the percentage of gold 
extraction by the process employed 

Detection of Arsenic and Antimony. —Tut some pure zinc 
in a small flask containing distilled w'ater acidulated with pure 
sulphuric acid, close its neck with cotton wool, and hold over 
it a sheet of moist tissue paper freshly covered w’ith a solu¬ 
tion of bichlorld of mercury If only hydrogen is evolved no 
cliange takes place in the color of the paper, if arsenic or any 
of its compounds is y)Iacefl in the fljusk a lemon-yellow spot 
appears which gradually becomes pidc ycllow’ish browm. Anti¬ 
mony compounds introduced in tlie flask produce a brownish- 
'grav spot 

40d. Detection of Traces of Gold In Minerais.—A finely 
powdered sample of the mineral is mixed with an alcoholic 
iodine solution well .shaken and allowed to subside After a 
while a piece of Swedish filter-paper is dipj>ed in the liquid, 
dried, and bunjt to ash The presence of gold is indicatej^f 
by the purple color of the ash, wdiich will be wliite if po go^ 
is present 

Pyrites arc roasted and suhjectetl tow.ards the end to a bright- 
red heat, so as to decompose the ferruginous sulphate. 
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Electric Insulation. 


(Substances approximately ranged m order of tbeir relative power of 
ineulatinn for eleofncity.) 


1. 

Ebonite 

11. 

Mica 

21. 

Lime 

31. 

Dry wood 

2 

Shellac 

12 

Silk 

22. 

Drv «a>os 1 

32. 

Alcohol, ether 

3 

Caoutchouc ! 

13 

Wool 

2;i 

l>rvMruni i 

33 

JUtin-walcr 

4 

Outta f^ercha 

14 

Hair 

24. 

I'ln»s(dionis 

!34. 

Sprmp water 

.S 

Amber i 

. 15 

I'eafhers 

25. 

I'ativ oil.s 

1 Jt5 

So%-watcr 

(i 

IteHin ! 

' in 

lav papci 

2(1 

Hiv metallic 

30 

Grapliite 

7 

Suliihur 

17 

lyPaflmr 



37 

Ilnfile metals 

8 

Wax 

! IS. 

J'oreclam 

27 

Straw 

38 

Ductilo melaJs, 

U 

Agate 

19 

('niji|)}iur 

2S 

li'e at (F (' 


lead 

lU. 

(jlass ! 

2U 

('imlk 

29 

PjM»er 1 

39 

Platinum 





30 

Muihlc 

40 

Silver, copfjor 


Rpsl.slancp of .IJqiiids. Copper = 1 at 0 '^C = .'J 2 °F. 

Nitric ncid ftl 5.",° Fall - 12 -S'* (^. .. 976,000 

ftulphnric acid dilutnl in ^ ai F -20" (’ .... 1,032,000 

Chlorid of Hodiuin .''aturaifiisolulinn a(i"F —13 3“F, 2,903,^38 

Sulpliate of zinc vsaturafoil soluliem. iri,8(n,267 

Sulphate of copper at IS" F. 9" (1. 1 (i,SHr),320 

Distilled water at 59" F -15" V, . 6,75-3,208,()00 

If the resistance of silver i.s 1, flie n^sisianee of ftuttu pcrcha 
oi the same diamelcr and leiigtli^ S5()X lO"* 


Belativc Conduellng Towers for ElertrlcUy of Pure lUclals. 
1)r. MaTHIEsEN. 



100 

(>jbalt. 

17,2 

Antimony 

4.6. 




10 8 


1.6 

Gold. 

77.9 

Nickel. 

1.3 1 

Bismuth 

1 2 

ZlQC. 

29 

'Im .. . 

12 4 

(irapliife 

0 069 


23 7 


9.2 


0 038 

Palladium. ... 

18 4 

Lead. 

K 3 

Bunsen coke.. 

0.025 

PlatiQum. 

18 

Arsenic'.... . 

4 K 




Electrolytical Nomenclature. 

M Fahaday 

Electrolysis. —The doconijM)sitiou of a iKjuid by an electrical 
current. 

Electrolyte.— The ihiuid or soliMion ^\hich is acted upon by 
electricity ' 

Electrodes.— The conductors immersed in the liquid or 
electrolyte- 
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Anode, or Positive Pole.—^The conductor through which the 
electric current enters 

Cathode, or Nesatlvc Pole. — ^Thc conductor by which the 
electric current leaves. 

Ions. —The elementary subBtancca wliich are set free by the 
action of the current on t)ie liquid. 

Anion.s, or Kiectro-n<*Katlv<^ Substances. —Tlie elementary sub¬ 
stances, wiii/;h appear at the anode or positive pole: Metalloids, 
pe oxids, acids 

Cations, or Electro-po.sitiv** Substances.— Those which are 
evolved at the catliode or negative pole: Metals, alkalies, and 
bases. 

Bcgulinc Metal. —Metals having qualities similar to castings 
of the same substances. 


Generalities. 

The quality and purity of the deposited metal is determined 
by the composition of the electrolyte Metals in the reguline 
state are deposited only from a few liquids, and thick layers 
have been obtainalile so far only from 3 or 4 electrolytes. 

Copper, antimony, and silver arc most easily obtainable in 
thick layers. 

Gold, platinum, nickel, zinc, tin, cadmium, and lead are 
usually onlv deposited in thin films or layers or in rough nodules 
and crystalline forms Most of the ren aining metals have 
so far only been obtained as a dark powder 

Some electrolytic liquids have to be heated, and some con¬ 
tinually stirred while in operation. 

Antimony, and. in a less degree, iron and nickel, while being 
deposited are liable to crack and curl up. 

Iron forms an e.xtremely hard deposit, and nickel becomes 
sometimes so hard that it cannot be burnished 

Copper and even gold, when electro-deposited, are remarkably 
hard 

Electro-deposited metals are more or less crystalline and 
porous They cannot be used for tight vessels without anneal¬ 
ing and they do not protect surfaces from oxidation. 

Seams can not be closed or edges joined by electro-deposition. 
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Electrolytic SolutlonR for Nickel-plating* 


Material 

[ KIgm. 
or 

Litre 


Authority 

Sulphate of nickel and am¬ 
monium. . . 

1 

Dissolve to .saturatioD; fil- 


DbtUled water. 

10 

lor after cooling 


Sulphate of nickel an<i am- 

0 4 

Dissolve separately in part 

1 Klmore 
Koseieur 

monium. .. 

Carbonate of anitnoitiiim. 

0 S 

ol hot water Pour carho- 
ti.ste into nickel solution 


Distilled water. 

10 

until neutriiiized 


Sulphate of suhoxid of nickel 

3 

Heat to i>oiling-poinf, then 

Woisa 

Chlond of amtDonium .. 

I 

neutralise with strong am- 


Citric acid 

0 1 

monia until test-paper.' 


Distilled water. 

50 

show only faint acid rcac 


Nitrate of subnxid ol nickel 

4 

tion 

Itifusolvc the nickel salt in 

BodeD 

Solution of cau.'^tic annuo 
nia. ■. 

4 

ammonia: the .sorlium sul¬ 
phite in water; mix 


Acid BUlphile of Mtxiiurn.. 
Distilled water. 

Sulphate of nickel and am 

50 

' Dismive in the boiling wa- 

P^sille 

monium. ... 

0 08 1 

! tei; cool, and filter 


Distilled water 

1 1 

1 



Preparation fur Nickel-plating* 

Scouring bath for rough castings: 

Suipliuric acid. 0.25litre 

Water, hot. 10.00litres 

Potash bath; 

Potash. 1 kilogramme 1 ^ 

Water. 10 litres J 


Use hot. 


2 . 

3. 


4. 


Cyanid bath: 

Potassic cyanid. 

Water.. 

Whiting bath: 

' Litres 


Sulphuric acid.2 

Nitric acid.1 

Soot calcined l)y volume. ..0.1 
Sodium chlorid by volume.. 0.1 


Hydrochloric acid bath for iron or 


.. 0.5 klgrm. 

. 10.0 litres 

Add to the nitric acid 
in earthenware the 
sulphuric acid, then 
• the soot, and finally 
the salt Avoid the 
fumes of the hot 
mixture, 
steel: 


Hydrochloric acid. 
Water. 


1 litre 
5 “ 


Substitute for po¬ 
tassic cyanid in 
the treatment of 
iron. 
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5. Dipping copper bath: 

Sulphuric acid. 0.1 klgrm. 

Sulphate of copper.... 0.1 “ 

Distilled water.10 litres 


Dissolve the sul¬ 
phate in hot 
water, add the 
acid. 


6. Coppering bath for zinc: 

Acetate of copper crystallized.0.25 klgrms. 

Carbonate of soda. 0.2 ‘ * 

Bisulphid of soda cry.stals. 0.2 “ 

Potassic cyanid. 0.3 

Water distilled.10 litres 

Keep boiling wlien in use. 


Anodes for nickel-jdating wlien soluble should he made of 
rolled bars of pure nickel; when ins(»lul)lc, platinum is everlast¬ 
ing, carbon anodes disintt^ak? in tiie butli and produce trouble. 


Electrolytic Solution for Sllver-platliu? and Solutions lor Prep¬ 
aration of Arilclcs. 


Matoritil 

KIriii.'! 

or 

TJItre^ 

iVcpanitjon and 

Authority 

PotaKfiir. cvanul. 

0 5 

llLsoJvc purt' Erunulafcd sil- 

lloseleur 

Silver evanid. 

0 2.0 

verin hot nitric and (40°), 


DiaUllod water. 

10 

evaiH)iate, <li.‘wolv« the .‘id- 
ver nitrate in 10 or 15 tunes 
ilH woKclit of wafer; atld 
hy«ln>cyamc «ci<l until pre¬ 
cipitate ivaaan to l)e 
fornicil. (Adleci the silver 
cyanid on a filter 

Cleansing teforc plating 


Potash or r.au.stio soda. .. 
Water. 

1 

10 

tl.se boiling hot 

Pickling 


Sulphuric acid. 

1 

FvinMo well after u.^ng this 


Water. ' 

10 

bath. 

Scouring 


1. Nitric acid (30*). 

10 

Immerse in 1 


Sodic chlorid 

0 2 

Kiiiao in running wafer, then 


Lampblack. 

0.2 

quickly inttncrsc in 2 and 


2 Nitric acid (36'*). . 

0 

rinse iti pure water several 


Sulphuric acid (00”)... • 
Sodio chlorid. 

0 2 

0 2 

Limes 

Amalgamation 


Dtoxid of mercury. 

0 1 

Put the oxid in the water; 


Water. 

Sulphuric acid, pure. 

10 

add acid until com)>lcte so¬ 
lution immerse for a few 
seconds an<} rinse 

Oxhlatum for antique silver: 
The silver-])lated object is 
brushed with acamel's-hair 
bruHli and a solution of 
platinum chlorhi in sul- 


Sulphate of copper. 

2 

phurtc ether, alcohol, or 


Potassic nitrate. 

Ammonia hydrochlorate. 

1 

cold water, then covered 
with the sulphate of copper' 

1 

dissolved in aoetic acid. 

2 

solution 

L 


Maximum aleotrumotivo force 2 to 3 volts. 

UBTlmiim nniTAnf ner RQiiartt meiMrnif MthndA. AO AjnnMML < V 
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Solutions for Gold-plating and Preparation of Object to be 
Plated. 


Subatauces 

Klgru-s. 

L Ires 

Preparation 

Authority 

1. Gold to hedissolveduiaij. 
regia (2 hydrtichlorift acifl. 
1 uitnc acid) 

Potaaaic cyanid, coocen- 
trated 

0 0023 

Tiic gold cliloiifl after evap¬ 
oration to dryness is dis- 
1 sol\<*d m 30 CO distilletil 
; water, jMitaasK* cyanid ad<l- 
ed. .Muting with kIus:* iva! 

Watt 

Distilled water. 

1 1 

1 l.i.xiN laic ^ procipilfite, lo 
tlisMilve in pola.-wic cy- 
amd. tldufe to I 1 litre 


2. Gold chloritl from goid 

Animonia. 

PotasHic cyanid. 

0 002;^ 

l)j*,s<*lve 11 ) divtiUed walet 
.‘tt) e <• piecipilate with 
aiiitiKinut, dl^sol\<« the ]>re- 

Watt 

Distilled water. 

1 1 

fipitate willi p«itus,si(3 cy- 
aind ^ulu(l<>n, dilute to l.I 
litie 


3. Gold, pure. 

0 01 

'i'laiiMoini the gotii into; 

Hoseleur 

Potassic cyanid, pure.. 

0 2 

ehlftiid %vitli a<pia n‘Kia; 


Water distilled. 

10 

«li'>''f»lve ill 2 littes of wa¬ 
ter. IhatfiUe potu‘<sic 

eyaiiid in S hties, mix the 
two so]ution.s, Itoil for 30 
nuiitites; cold, main- 

(uiii (he solution by adtling 
polas.-ic eyaiiid and fioltl 
clihHTil in ahnul equal l-ails 


Hot. prooe^is .'SO® tt> . 


OiN'uilvc (lie sodif plios- 

Roucleur 

4. Bodic pho.wjihate .... 

0 r> 

]>hatc ill eiplit litie.s of hot 


Sotlic bl^ulJ)lulH .. . 

0 1 

watei. ami the gold chlorid 


PotaRsic cyanid.. .. 

^ Gold (transform lo 

0 1 

eiihl til 1 litre of water; 
mix giHilualiv. Di'-.solvp 


nd). . 

0 U1 

(he polassM* cyanid and 


Water distilled. 

10 

.s(h1i(* inr-ulphite in 1 litre 
of water; tiii.x tiie two solu¬ 
tions 



Solutions 3 and 4 contain 1 grm. of gold per litre. Tlie 
deposition can take place at tlie rate of 0.25 or i grm. per liour 
and per square decimeter. 

Green gold is obtained in a bath containing from 5 to 6 gnus, 
of gold per litre, a [ilatc of silver being used as sohible anode, 
until the green tint of the deposit is obtained, when the silver 
anode is replaced liy one of green gold. 

Red gold: Use a solultle copper anode and substitute when 
the proper color is obtained an alloy of gold of the color re¬ 
quired. 

Maximum electromotive force, 1 volt. 

Maximum current per sijuare metre cathode, 10 amperes 

Preliminary Treatment of Articles to be Glided. —Substan¬ 
tially the same as for silver. Copper and its alloys can be gilded 
directly without amalgamatiom Silver may also be gilded 
direotly, but is often covered with a preliminary film of copper. 
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fiildini; by Immersion. 


Substances 

KIgms 1 
or Lil res • 

1 

Pie{>aia<ion 

Authority 

Potassic pyrophosphate.. 
Hydrocyanic acid, I to 8 

water. . 

Auric perchlorid. 

Distilled water. 

0.800 I 

0 008 1 
0.020 
10 

After projier nroriarution, 
immerse the articles to be; 
gilded underconstant.stir¬ 
ring for a lew seconds 

Roseleur 

Coppering;. 

Substancc.H 

Klgin-. 
or Lit 10 

I'lejiaration and Use 

Authority 


For ('oppenriK Jsinc. Tlie copjxjr sulpiiate is ills- Watt 

Sulphate of foiiper. 0.230 solved in 1 lure of hot 

Ammonia (ilenaityO.SiW) water. When eold. Kfir- 

PotasHKi cyamd. ririK well, while adding 

Distilled water . 1 ammonia until the pre- 

dpitatft at first forming is 
redisHolved Then add 
concentrated solution of 

G itassic cyanid until the 
ue color ha« completely 
disaiipeared. Used at 50* 
t o 55* C. 

Cupric acetate.0.35-0 45 The Hrst column is for large Roseleur 

Sodic Hulphite. 0 3-01 ineces, the eecoiid for 

Potaasic cyanid. 0 5 -0 7 email pieces 

Ammonia. 0 2 -0.15 

Water distilled.. 25 

Coppering iron; 


1. Cuoric sulphate .... 

1 

Di.ssolve separately in the 

Sodic sulphate . 

•2 

quantity of water, and 

Sodic carbonate. ... 

',4 

mix the two solutions 1 

Water. 

ir> 

and 2: used for copper¬ 

Cyamd of potassium 

3 

ing rollers; for caiico- 

Water. 

12 

prtoting 
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Deposition of Iron* 


Substances 

KIgma. 
or Litres 

Preparation 

Authority 

Beat quality iron wire. .. 
Hydrochloric acid 

0 060 

0.055 

Dissolve the iron in the 
acid with excess of iron 
and the application of 
heat; near the enti add 
the ammomc chlorut: di¬ 
lute, add u little glvcerm 
_fc»_! 





Deposition of Tin. 


Substances 

Klums. 
or Litn*s 

I*rei]>aralioii 

Authority 

o. Stannous chlorui.. . 

0 19 1 

Prepare oadi solution f-epa- 

I'earn 

Water distillcil. 

0 5 1 

ratelv I’lmr /» into n. 


6 (’austie potash. 

1 a 1 

stirrinK with a iilass rod: 


Water. ... 

in 

add fl, then fmallv atld c. 


c, Sodic pyrophospiiate. J 

1 5 

keep the Kulutiou agitatcil 


Water . 

3 ' 



d. Potassie cyanid.. .. 

1 5 




Preparation of Potassium and Sliver Cyanids. 


Substances 


Kl^ms. 
ur Litres 


Preparaliou 


Cyanid of Potassium. 


Authority 


а. Ferrocyanid of Polas- 

tassium, div. 0.9 

б. Carbonat-o of potash, 

dry. 0.3 


Cyantd of Sliver. 

o. Silver, pure Rratiulafwl 
6. Nitric acid, ctmeen- 
trated. 

c. Water, distilleti. .. 

d. Cyanid of potassium 


0.030 

0 120 

o.o;«) 


Dry o on a clean sheet-irori 
pWc over a alow fire, stir- 
ririK to prevent cakine, 
mix with b, also perfectly 
dry Put the mixture in 
a red-hot r,a'*t-iron eruci- 
ble; when fused stir with 
a deari iron rod tor 15 min¬ 
utes, or until tlio liquid on 
roolin(t on the iron roti 
appears white or prayish. 
if a new crucible is used. 
Ilemove, let rettlc, and 
pour the clear liquid in an 
iron vesael; scrape the 
sediment from the cruci¬ 
ble while yet hot 
Mix b and c. and diseolvea 
with heat. Dilute with 
water, a<ld d ui til precipi¬ 
tation ceases After sei- 

tlinn, decant. Wash the 
precipitate by adding wa¬ 
ter apd decanting 3 or 4 
times • 


Liebig 


Preparation of Silver Solution by Electrolysis.—For every 
litre of water contained in a tank dissolve 10 grms. of cyanid 
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of potassium. In porous cups in this solution, and containing 
the same solution, place sheets of iitm or copper serving as 
cathodes. In the solution in the tank place slieets of silver 
as anodes. Oonncct the latter to the positive and the cathodes 
in the porous cufis to the negative jxde of a batter)'. 

Gold Solution by Klectrolysls. —Dissolve for each litre of 
water 30 gnns of cyanid of potassium and heat to 05* C.* 
150* F IMaoe in the tank containing this solution porous 
cups filled witli the same solution. In the porous cups put 
sheet-iron or .shcct-eoppcr cathoilcs, and in the solution in the 
tank sliect gold anodes; connect the eatlmdes to the zinc, 
and the anodes to the copper, of a battery. 

Solutions for gilding are made to contain from -1 to 9 grms. 
of gold per litre. 

42. GALVANIC OR ELKCTUOCIIEMICAL 
I5ATTER1KS. 

AnnANOKMEf^T Of Names ok ('iiKMiCAn Klemkn'tk, so that 

THE FULLO\ViN(j HlIAnn HE CONSIDEUEO AS KlECTRO- 
NEQATIVE TO THE’PUECEDINCJ 


Positive. 


1 HytlroKcn 

9. Iron 

17. Carbon 

25. Sulphur 

2. Pot.asHiurn 

10. Nickel 

IS. Platinum 

25. lodin 

3 Sodium 

11 I'ohalt 

19 Indium 

27 Broinin 

4 MagnR.-'tum 

12 Leail 

20. I{h(.(liiim 

2S Cliiorm 

5 Aluminium 

13 (’opiier 

21 Nitrogen 

29. Ovviicn 

G Zinc 

H Silver 

22. .Antimoiiv 

30. I'luorin 

7 (’admium 

15 Palladium 

2^1. 'relluriuin 


8 Tin 

Hi Gold 

24. Selenium 



Nesalive. 

Tables of Galvanic Cells. 


The main types of such cells and the principal modifications 
thereof are arranged in taliidar form. Eaeli number con¬ 
stitutes a single cell wliich, for singlc-finid cells, is composed 
of the positive and negative elements and tlio necessary ex¬ 
citing and conducting solution, all contained generally in a 
glass, or in some other insulating jar In doubhvfiuid cells one 
of the elements is placed in a porous cell in a solution different 
from the surrounding scjlution contai^iing the other element, 
both being contained in an insulating jar. Batteries con. 
fflsting in troughs containing a multiplicity of pairs of elements are 
not represented in the tables. 
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The chemical symbols are used as abbreviations to designate 
the substances witiioiit reference to tlie atomic weight implied 
therein in chemical formulas: Ag=silvcr; C—carlmu; (\i- 
copper ; Fc = iron; llg=merrur)’; Mg=-nuignesiiim; Mn»- 
manganese; Pb-lead; Pt-*platimini: Zn-zino; AZn*amal- 
gamated zinc; AgPt-jdalinized ^dlve^; (.Tt—phitiniztid 
carl)on; Mn<) 2 = manganese peroxid; PbOj^lead dioxid 
Acids: HjSCb^sulphuric; IlCl chlorliydrie; IJNO.,—nitric; 
CrOa^chrornic ac^id. et<c Hases: HKO^eaustic potash; 
HXaO“caustic soda, clc ('hloiids: NH/i=!immonium 
chlorid, cldorhydrate of aniiuonia. <'r sal aniinoniac; (’aCl = 
calcium ehlon<l; Nad — sodium chlorid, common kitclien salt; 
MgCl = magnesium cliloritl; Zn(l- zinc cldorid, etc Various 
salts: CuRO, = copper sulphate; ZnS(b^zinc sulphate; MgSOi 
~ magntisinm snljiliate; jK»tassiuni nil rate, saltpetre; 

NaNOj-sodium nitrate; K(1()3= iMitassunn clilorate; K 2 (lr 207 
= potassium iiicliromate; Na.Ojth^sotliuin liichrornate; 
KMn(),j = potassium permanganate; NaMnO^-^ sodium per. 
manganate; Nalb,(y),,=s<Mlium l)itart.rale; sodium 

silicate; Fcj.'KSOJ^iron sulphate; —mercury sulpliate 

Amalgamate zinc: Scour the zinc with a solution of wash- 
soda; rinse ill clean water; apjdy a drop of mercury to the sur¬ 
face of the zinc and sprcatl the same by rubbing; rojieat the 
application of mercury until the surface acfjuires a mirror- 
like lustre. 

Remarks: In 4 and 5 the AgPt and CPt, or platinized silver 
and platinized carbon, arc the nisult of immersing the plates 
in a solution of jilat.inum chlorid or I't ammonium chlorid 
End, after drying, subjecting them to sufiicient heat to leave 
metallic platinum in a finely divided stale dissominatcHl over 
the surfaces of the plates, with tlie oliject of providing a great 
number of fine points for the disongageinent of the hydrogen 
With the same object tlie C velvo in 0 is composed of a carbon 
plate covered by carbonized cotton velvet, the nape of the 
velvet forming tlie outside surface. 

In 11, Hg, the mercury, covers the bottom of the containing 
glass jar; the paste of chemicals is placed over it, and the 
zinc superposes ,the paste. An insulated conducting-wire 
leads out »f tlie jar from the mercury at tiie bottom. 

In 12, the surfaces of the lead plate, Pb, are covered with 
lead dioxid, FbO|. 
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Year 

Q.-<!N«‘00>«'V S X 00 QC 'is® 

XXXXXXCOX X X X 00 XX 

„„„„„„„„ 

' Authority 

s|| 
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E. 
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0.47 

0.66 

O.o 
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1 9 

1.44 

2.36 

2.35 

1 

1.3 

0 98 

0.8 

1.48 

o 

0.07 

0.07 

0.02 

1 

0.06 

1.5 

Exciting Solution 

Parts 

ti 

C4 lO 1010 

OOOMM-'O QOQO O • O 

n x^x «o»o 

o 

V 

Chemical 

d 

lox Q* 

OOOOOOOIO'^XX ooo o 

Chemical 

Compound 

odc7dcofoo'|;3^t;o9dd5^SS?HH 

Poles 

Negative 

Condi¬ 

tion 

1 plate 

1 plate 

1 plate 

2 plates 

1 plate 

2 plates 

1 plate 

1 plate 

1 plate 

1 plate 

top 

1 plate 

1 plate 

1 plate 

1 plate 

1 plate 

1 plate 

1 plate 

1 plate 
cylinder 
rod) 

Sub¬ 

stance 

__aDCC c a a c - acdflc^^^nN 
^tSNNNN N N N N} ° NNNNN^S^^N.^ 

Positive 

ti 

1 plate 

2 plates 
2 plates 

1 plate 

2 plates 

1 plate 
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bottom 
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1 plate 

1 plate 

1 plate 

1 plate 

1 plate 

1 plate 

1 rod 
cylinder 

Substance 

*> S S'?? ‘Ooo op 

555|g5o o o o 

■; " ++ 

L. 

« 

& 
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In 13, lithanode is prepared by forming a stiff paste with 
a mixture of dioxid of lead, PbOj sulphate of ammonium, 
NHjSO^, and glycerin, pressing this paste into plates and 
baking them dry 

In 14, 19, 20, ifie carbon surfaci's arc surrounded by a mix¬ 
ture of equal parts of carbon, in grains, and of manganese per- 
oxid, also in grains, contained in a canvas bag, or in a porous, 
unglazftd porcelain cell. In 20, the ca.bon iias tltf form of a 
cylindrical ring surrounding the jMmuis cell containing tiic 
zinc; the annular space between tlsc carbon ring and tlio porous 
cell is filled witli the conipactwl mixture. 

In 1.5, H), 17, the metal siirfact's arc cov(;red with tlie oxids 
or chlorid indic.ated. 

Double Fluid Cells.~The two fluids may be separated by 
a porous cell, generally of baked unglazcd porcelain clay, or a 
carbon electrode may be formed into a porous cui>, or the two 
fluids may be separated by gntvity, the ligliter flouting on top 
of the heavier solution. 

In the table, parenthoHes, ( ), indicate tliat the electrode 
and solution, the symbols of which are contained therein, are 
in the porous cup; the same syml>ols italicized indicate that 
the said electrode and soluthm arc superposed to the other 
electrode and solution in gravity cells. Abbreviations and 
symbols have the same meaning a.s in the tables for single 
fluid cells. Tlie letter s in the columns of parts signifies 
that the solution sliould be kept saturated, that, therefore, in 
such cases provision should be made so tliat there is always a 
certain amount of the respective chemical salt present for 
solution. 

In 5, sodium hitartrate. In fi, the porou.s cell 

was made of parchment paper In 11, Na 2 Si 03 .-= sodium silicate. 

In 14, two additional porous cells of .small size were put in 
the jar; one containing crystals of potassium chromate Kfirfij, 
the other containing sulphuric acid 

In 15, the cylindrical zinc concave surface is parafined so 
that only the convex surface opposit.e the carljcn is active. 

In 10,.the 4 carbon plates are suspended from the cover of 
the jar. i* 

In cells like 7, 8, 9, 10, 12, 17 where nitric acid is used as 
the oxidizing agent, nitrous acid fumes are emitted, when 
His battery is in action; the connections of the conducting 
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Year 

<00 eoQool ^ m <0 onn 
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wire with tlie olectrode should tlierefore be carefully made and 
well covered with several coaLs of acid-proof vanusli. 

The top of carbon electrodes should (ic electrolytically covered 
with a film of copper and the conducting connection carefully 
soldered to tins pliKing, and all inetallic parts liable to be 
exposed to corroding tuincs well varnished A])plical)le to 
cells with sal ainnioniac solution and those using hydrochloric 
acid. 

Dry Cells. 



Carbon Hod, 

1 Zinc Ve'.Nel, i 





e 

Depolarizing Paste 

Exeitini? 1 

I’u'ite 1 

1 



Author- 











ily or 

Yr. 


Ingre- 


AKinlorn- 

InKrc- 

j 

AEfilemi- 





tt : 

dienls 


erafor 

dieiJis 

■' 

eralor 





1 

MnOa 

1 ' 


CaSO^ 

.3 







C 

S 1 

writer 

NtLCl 

() 5 

water 

0 5 

I 5 

( ias-<npr 

1886 


ZnSO., 

{) -j 

Rlyreriii 

ZnCJ 

-I 







NH 4 CI 1 

U 









2 

Mn(). 


water 

Nii^n 








C 1 



CaCl 


Eelatin 

0 

1 

Hellessen 

1890 





ZiiCl 







3 

MnOa 



NI1,(1 

2 

Elveenn 

0 1 





! C ; 


Rlyceriii 

Mr('1 

1 

waler 

to 

1 r» 

Brittish 



1 NH 4 CI 


water 

CaSO, 

(3 5 


0 7.'> 




4 

1 MnO? 



.Me(1 


lElv<*criri 






1 ^ 



) 


j niid 



Meliner 

1889 




i 

NH^CI 1 


water 








! 

CaCl 








Remarks.—In tlic <lrv cell.s repr<‘.s<*nled in (lu* foregoing 
table the zinc electrode is in the form of the Aessel c«>ntain- 
ing all the other parts of (he cell. For insiilalion this zinc 
vessel is covered witli thick strong paper or vsitii a good ({ualhy 
of thin paste-board, well vamishwl over the whole outside 
surfaces Bottom and sides of the zinc ves.«el inside ere lined 
with a thickness of about J'inch or more of the exciting paste 
indicated in the table, leaving about one inch on top bare. 
The carbon rod sliould extend sufliciently above the top of 
the zinc vessel for convenient attachment of the conducting 
wire; this rod is pluctxl centrally in the vessel, on a thickness 
of depolarizing paste at the bottom, and the space between 
the vessels exciting lining and the carbon i.s filled wit.ii the 
compacted depolarizing paste, to the st^ihe heiglit as the excit¬ 
ing paste. X)n top of the pa.stes a thin layer of loose mineral 
wool, or asbestos, is placed, on which two small and short j ieces 
of glass tubing are set up diaiuetricaily opposite eacli other. 
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so as to form holes for the escape of ^ses. By filling the space 
to the top of the'zinc vessel witli molten pitch or asphaltum, 
the cell is sealed; connection of the zinc vessel with a con¬ 
ducting wire by soldering having previotisly been made. 

In 2, two concentric zinc vessels are provided, tiie annular 
space between them being filled with niincral wool, a.sbestos, 
or sawdust; a number of circumferential lioles an,* marie just 
above the pastes in tlie inner vessel, and similar holes near 
the bottom of the outer vessel for the escape of gases which 
may be evolved. No openings are in the scaling pitch in this 
case. 

In 1 and 3, CaSO^ = calcium sulphate, or plaster of Paris, acts 
in reality as an agglomerator, in which capacity gelatinous 
hydrate of silica has also been used. 

Dry cells with pastes requiring more or less chemical opera¬ 
tions and manipulation have been omitted from the table, 
as such complications are not proper to be put into tabular 
form. 


43. IRON AND STEEL, 

IRON ORES, 

Chemical Compositions and Physical Properties, 


HineraloKical 

Name 

Clicmipal 
Kormula of 
Pure Ore 

Iron 

per 

Cent 

Water, 

Carrxjn- 
ic Acid, 
C-Oz. 
Sul¬ 
phur, g 

Hard- 

ne!<!* 

Sp. 

Gr. 

('olor of Powder 

Hetnatiie ... 


70 


0 

5 5 

Hed-brown 

Lmtmte . . 

Fe50.,3(i!9(riiW 34 

25 32 

r» ft 

4 

Yetiowinh brown 

Xant.hnsiclerUe 

Fe'X)i2{ H:X» 

14 

18 37 

2 5 

4 

Ochre yellow 

Limonite .. 

2(FpsO,,K.lflj(): 

60 R7 

14 43 

5 r» 

4 4 

YellowiBh brown 

Gothite. 

Fe;.O.H^O 

62 11 

10 11 

.5 5 

4 4 

Brownish ochre, 

Turjite. 


(K) 

5 33 

6 

3 7 

vellow 




(Xh 



Reddish 

Siderite. 

FeOCOj 

48 27 

37 93 

4 5 

3 6 

White, yellow. 







and brown 

Uagnetite. . . 

F'csO^ 

72 41 


6 

5 

Black 

Pyrite. 

FeSs 

46.7 

6S°3 



YellDw 
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Cast Iron. 

Average Chemical Composition, 
(Per Client-.) 


Trade Name of 
Pig Iron 

1 

Iron 

Manganese 

Copper 

Carbon, 

Combined 

Foundry. 

93-94 

0-0 99 

O-trace • 

0 to 0 50 

Bessemer. 

83-92 

1 25 

_— 

1 33-1 17 

Scotch pig. 

90 5-90 7 

1 68-1 (52 

0 07-0 1 

0 28-0 40 


Trade Name of 
Pig Iron 

(‘arbon. 

Craphjljp 

Siheon 

Phnsphorus 

Sulphur 

Foundry. 

1 80-4 81 

1 18-3 ' 

0 03-0 12 

0 -01 


2.88-4 

2 5-27 

0 07-0 09 

traoe 

f'cotch pig. . . . 

3 -3 4 

2 9-35 

0 75-0 08 

0 02-0 04 


Note.—Foundry i.s pig iron for casting ports of machinery; Bessemer 
is of proper compo.sition for roiiversion into i^teel. 

Scotch pig IS used as a niivture for very thin castings like stove-plate. 


Chemical Composition of Iron and Steel and Electric 
Conductivity. 


Designation 

• b 
*• i) 

1 

a 

9 


9 

Cr, Chro¬ 
mium, Tg, 
Tunpten 

^0,1 

«|o 

-zoa 

Ud 

h 

eo 

c 

<3 

a 

3 

CO 

o 

u 

o-S 

.a 2- 
Oh 

lls 

CO 

Bessemer mild steel 

Whitworth mild steel 

0 015 


ll 

- 



10-5 

Annealed. .. - 

nnni 

0.153 


— 



10.8 

“ ... 

0 890 

0 165 


0 081 

[iMn|n 


15.59 

Oil-hardened. 
Manganese steel: 

0 890 




m 


16.95 


[(Kt£l 

4 73 

ftwiwn 

oMirua 


53 68 

Annealed. 




* • 



39.28 

Oil-bardened.... 






Or, 1.1B6 

55.56 


0.687 


nMiKil 

0 1.34 

0,043 

17.91 





' 


* ’ 

18 49 

Oil-hardened. 







mm^ 

Tungsten steel; 

1 3r.7 




0 047 

Tg. 4,649 

22 40 


** 





*• 


Oil-harddned. 

“ 

** 

“ 




22.74 

Wrought iron. 

3.45 

0.173 


2.04* 

0.151 

1C, graphitic 

mil 


4.51 

7.97 

trace 


tmm 
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Commercial Malleable or Weld Iron. 

(Impuritios in average flamplcs in jier rent.) 



•0 1 

« 1 




y 






• ® 1 

i s-s 


7 

5 

e 






^.0 

Is 

§ 

Ji , 

•S’ 

il 

c 

a 

K 

a 

0 1 

■1 

: 

1 


U \ 


Ui 

« 1 



V 




A 

0 033; 

o 

I 

0 07.3 

0 mm! 

0 07M 

0 oo.*> 

O.LMt) 

0 0.34; 

0 037 

0 974 

H 

0 429! 

0 021 

0 10.0 

trace : 

0 <)(•.') 

0 cot) 

0 008 

trace 

0 on 

0 320 

(• 

0 i)fi7 

0 OUO 

0 020' 

: 0 OOli 

0 075 

0 0'«» 

0 008 

0 020: 

0 023 

1 214 

Di 

0 009 

0 010 

0 l.'iol 

1 (> (NMI 

0 ](>I 

(1 02(>i 

0 079 

0 027: 

t) 034 

0 470 

K 

0 02.')' 

0 oos 

?K2, 

i 0 000 

0 252 

0 03.31 

0 OKI 

0 037 

0 0.57 

0 848 

i'l 

0 043| 

0 008 

! 0 30.3 
1 

: o.oa3 

0 213 

0 007 

0 on 

0 013 

0 (H)8 

1 230 


A, very ductile, little tenacity; H, very KtroriK, hard to weld; C, best 
for general purposes; I'‘, weak, brittle, unsatisfactory 


Tool SleelH, 


Temper 

Carbon, 
Per Cent 

Keinaiks 

Kazor .. . 

1 5 

Very sciiMtive iii heating and to hummeriiig 

Saw file ... 

1 375 

Cannot MipiMiit heat aiiove elienv reti 

TooIh 

1 2.5 

I'oi metal work. a.s tiitiiiiig, piaiiirig, itiilling 

Spmdie. . 

1 125 

Mill-iuek-'. tniK'. t«‘iew ilies. etc. 

chisel. 

1 

(‘ohl eliKspb, (irilN, for hhislinc. etc. 

Set. 

0 875 

Sets, drifts, all tuoN for heavy blows of hainmer.'i 

Die. 

0 75 

Dies, fonl-i to rp.M.st groat piessuie 

Kails . 

0 3-0 4 

HaiN. stiuftural steel works, eir. 

Machine. 

0 1-0 01 

Machine i«art>, shafting, Ixnler-plate, etc. 


Components of Iron In Special Sleeks. 


Designation. 

Carbon. 

Combined 

Carbon. 

Graphitic 

Silicon 

1 i 

Oj 1 

7 ■ 

il 


Copper 

Chromium 

Dr. Diiflley'.s rail. 

!o.3 ' : 

!U 04 


!o I m 

0 4 



Chrome steel, A. 

io. 027 0.012 

0.1.51 

: frace'O 0U< 

0 05 

|o 0(» 

1 044 

•• B . 

;0. 439, 0.0150. 130 0 OOMl Oil) 

0 023 


0,912 

“ “ 0... 

:o 4oij — ^ 

0.100 

' traep’O 020 

1 1 

0 027 

1 trace 

0 612 


Note.—m in the column of phosphorus meiwis maximum allowable. 

The chrome steels were made in BriHiklyn under tlie direction of the 
patentee, Mr. Baur. 


43a. Cast Iron. 

Chemical Composition of Cast Iron and Consequent Thjslcal 
Propertie.s.— Cast iron consi.sls of a conihinatinn of iron wtli 
various, Init small proport,ion.s of carbon, silicon, .sulphur, phos¬ 
phorus, manganese, and in some rare cases chromium, nickel, 
aluminium, etc. 
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Carbon in cast iron exists under two conditions: As com¬ 
bined carbon producing liardiiess in the iron, or as graphitic 
carbon producing softness. 

Till! niaxiinuni total amount of oar))on in cast iron may 
rca<dj 4 5 per whicli ina> all be in the graphitic state, 
producing soft gray iron of a coarse crystalline and granular 
fractur<‘. 

Ti»c higher tlic proj)ortion of combined carbo^p the liarder 
the iron and the <‘lo.ser the surface of fracture 
Conihined carb<in can be produced l>v (juick cooling or chill¬ 
ing; it is ])roinoted by the presence of sulphur, and depends 
on the amount of silicon pre-scnt Tlie lowest coml>iiHxi carbon 
is foun<l in iron having fixmi 4 t-o 7 per cent of silicon 

Graphitic Carbon in iron in the meltcti state indicated by 
a li\ ely \'ibration of diflerent eohms on tlie surtacc (i tlie molten 
iron, and in cooling troni n higli tem])erature to a lower one 
a scum or “kisii” will form and float away, and often cover 
everything near with thin flakcv (jf shining plumbago 

Silicon may be alisorbwl by iron in as higli a proportion 
as 20 per cent. Inm containing over 5 ]H'r cent is generally 
designated \)y the name of silicon iron fcrroslllcon. 

Aji increase of silicon fnmi 0 I to ft ]>er cent produces an 
increase in s<jflness and fiuiditv of the iron, l^e^ond 3 per 
cent the hardness iiJcreaso.s again Cast iion of about 2 per 
cent, of silicon has the maximum t<*micity 

If from 3 to 5 p<n cent t»f silicon is present in cast iron all 
the combined carbon is coinertcd into graphitic carbon. 

Castings, e\ce])i for electrical purp<«<(^ should never -con¬ 
tain more than 3 per cent of silicon, as over 4 per cent becomes 
very injurious to the strength and soundness ol the iron 
Metal high in silicon when in a melted state will sliow a smooth 
surface witii a <piiet dull, sfKirkless a|)fK*arance. Iron high in 
free carbon or in silicon when running from the cupola throws 
off ver.V few sparks. 

rerrosilioon. mixed with scrap, burnt, and hard iron, can 
be advant^igcouslv used for a cheap kind of work Eighty per 
cent of. scrap and 4 per cent of ferrosilieon in a mi.xture will 
make good maelflnalfle iron of not than I" in thickness. 

Sulphur ranges in gowl No 1 ioundry pig from 0.01 to 0.03 
per cent; for lowei grades from 0.03 to 0.05 and in some white 
iron it may reach 0.08 per efent. 
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An Increase In the proportion of sulphur produces an increase 
in the tenacity of the iron by producing an increase in the 
combined carbon and therefore in hardness, but it also pro¬ 
duces an increase in .slirinkage and red sliortness. 

Phosphorus may exist In pig iron in the proportion of a 
trace to as higli us 7 per cent. In foundry iron it varicvS gen¬ 
erally between 0.25 to 1.0 per cent, while for steel-making it 
should not exceed 0.1 per cent. In castings limited from 0.2 
to 0 7 per cent it is rather beneficial foi strength and tough¬ 
ness, but beyond 0.7 per cent it is very hurtful It produces 
fluidity in the molten metal and soundness in the castings. 

Manganese varies in proportion frau> a trace to 3 per cent 
in pig iron; the average in good gray iron being about 0 5 
per cent, but may be as high as 2 per cent in pig iron, and 
produce good castings. 

Manganese promotes graphitic carbon and eliminates to a 
certain extent sulphur, rectifying the deleterious efiects of the 
latter. 

In a hot furnace the manganese combines with the pig ironj 
in a dull fiiraace it combines j>art.ly with the slag. In remelt¬ 
ing in a very hot, well fluxed cupola, the manganese is partly 
eliminated. 

Manganese may to a certain extent produce hardness in cast 
iron when present in the pig iron, but when about 0.15 per 
cent of powdered ferroniaTiganeiie is added and stirred in a 
ladle full of molten hard cast iron, it has for effect to soften 
the latter by converting about one half of the combined car¬ 
bon into graphite, to increase its strength 30 to 40 per cent, and 
to decrease the shrinkage 20 to 30 per cent. 

Ferromanganese is a combinatioD of iron and manganese in 
various proportions; between 30 and 80 per cent of manganese 
and a few per cent of carbon constitute feTTomanganei,e 

Iron containing from 15 to 30 per cent of manganese is known 
as spiegeleiscn. 

Chromium has been found in pig Iron from trace to the pro¬ 
portion of 0.12 per cent A metal alloy of chromium and iron 
has been produced containing 84 per cent of chromium, called 
ferroehrome. Chromium when present in pig iron promotes 
the absorption of carbon’ up to 12 per cent bv the iroa 

Copper nickel, aluminium, titanium, calcium magnesium 
sodium, potassium, ar&cnic.and other substaoces have occasion*: 
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ally been found to be present in iron in very minute quantities, 
but the influence of Iheir presence seems not to have been 
specially investigated and so far l«u5 not been considered of 
any practical importance. 

In remclting caKl iron the amount or percentage of silicon 
will decrease about 10 per cent, while the proportion of sulphur 
will be doul)Ie, and in some cases over throe times as much as 
in the original pig iron. 

A decrease in the percentage of manganese is generally accom- 
panied by a decrease in sulphur Witii proper management 
in tlie operation of a cupola, an excess of manganese wiH be 
oxidized and carried off with a portion of the sulphur in the 
slag. 

Total carbon may be slightly inercased by an excess of fuel 
and a high temperature, and decreased by little fuel and a 
low teinjHJrature. 

Combined carbon may be slightly decreased when silicon 
is over 4 per cent and sulphur not more than O.OI per cent. 
When silicon bwomes reduced below 4 per cent and sulphur 
increased above 0 02 per cent, every rcmclt will increase the 
combined carbon until nearly all the caribou is couii ined ai.d 
the irnn produced has been converted into white iron. 

An increase of graphitic earfion is promoted by high silicon, 
medium phosphorus and mangancsic, and low sulphur 

Phosphorus remains practically stationary by remelting; 
but all the phosphorus contained in the fuel or flux will generally 
be found in the iron It should not exceed 0 9 per cent even 
for very light work. 

The larger the proportion of silicon up to about 4 per cent 
and of phosphorus to.l per cent and the lower the sulpliur and 
manganese, the liigher will be the proportion of graphitic 
carbon, and therefore the softer tlie castings. The harder 
the iron the sooner it melts; hard iron should therefore be 
melted ,^rst in a cupola, when several grades are required from 
one heat. 

High sulphur gives a hard friction-re.'iisting chill, liable, how¬ 
ever, to chill-crack; while high manganese promotes a gradual 
chill, somewhat yielding to strains and, less liable to chill-crack 
from heab, and is therefore in all ca-^es preferable 

High carbon, all other component parts remaining the 
eame, will produce deep chill., 
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Average Chemical Composition of Tarious Grades of Cast 
Iron. 


Substances Combiricil 
with Iron iii J’er Cent 
of Cosit Iron 

Cbareoal 

Coke or Anthraci|;e 

Pig Iron 

(iim- 

metal 

Cliill 

U(»ll 

I'oundry 

Bessemer 

No. 1 

No 2 

No 1 

No. 2 

Combined. ^. 


1 13 

J.3S 

0.15 

0 3 

n,.3r» 

0.05 

Carbon. . 

3 10 3.5 

3 IS 

.3 

3 (>.> 

3 3 

3 H5 

3 05 

Graphitic-. 


2.05 

1 f)2 

'i 5 

3 

3 5 

3 

Silicon. 

0.6 to 2 

1 19 

0 71 

3 

2 25 

2 

1 25 

Phoephorusj......... 

0.15 joO 25 

9 40S 

0 513 

0 6 

0 5 

[) 09 

0 09 

Sulphur. 

0 to 0 00-1 

0 055 

0 

0 01 

0 02 

0 025 

0 05 

Manganeso. 

0 4 to 1 

0 42 

0 30 

0 3 

0 

0 5 

0.45 


Substanep.s Combined , 
with Iron in Per Cent i 
of Ca-st Iron 

Coke or Anthrapite 

Chill (’^r- 
WhocI 

Mocli 

Heavy 

liiiery 

hifilit 

Sini'e- 
Plate ; 

Electric 

Machinery 

(Combined.. 

0.92 

0.33 

0.43 

0 35 , 

0.06 

Carbon. : 

3 47 

2.98 

2 93 

3 3 1 

3.95 

Grapliitic.. 

- 2 55 

2.65 

2 55 

2 95 1 

2 80 

Silicon . 

0 86 

1 05 

1.8:i 

2 59 

3.19 

Phosphorus. 

0 .318 

0 543 

0 504 

0 622 j 

0.89 

Sulphur. 

0 127 

0 n 

0 078 

0 072 : 

0.075 

Manganese. 

! 0 49 

1 

0 35 

0 31 

0 37 

0 35 


Cast iron proper for chill work hiis the following general 
proportion of comiiinwl siihsUinci^ in percent: carbon, 3 to 4; 
silicon, 0 5 to 11; pliospboms, 0,2 to 0.7; sulphur, 0.02 to 0.1; 
manganeso, 0 55 to 1.5. 

For electric work castings should l)o verv soft, therefore high 
in silicon. A metal of goinl magnetic }>errne.al)ility on analysis 
was found to coiitutn silicon 3.19, sulphur 0.075, phosphorus 
0.89, manganeso 0 35(), carbon, total, 2.9") (combined C. 
O.Ofi, graphitic 0. 2X9), all in per cent. 

If sulphur is reduced to 0.05, the same softnes.s is produced 
by silicon 2 0. 

Depth of Chill in C'ast Iron.—(1) The deepest dull is produced 
if the iron remaiii.s in contact with the chill mould until cold. 

(2) Hot poured iron prtKliices a deeper chill than dull poured 
iron. . ' 

t3) Difference in grade determines a variation in depth of 

iSchin. 
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(4) The quicker, the heat Is absorbed the deeper the chill 

(5) The chill is deeper in thin than in thick castings. 

^ Ultls Castings.—To cast iron, ineltwl itj a crucible in a petro- 
jeugi furnace, is added 0 05 to 0 1 per cent of aluminium. For 
tfre'iron obtalncHl, a superior soundness, and a tenacity from 
20 to 50 per cent larger than ordinary cast) iron, is claimed. 
Cupola Charges.—For 50 ton heat in a 06" cupola. 


Bed of Connollsxnlle coal. 2000 lb. 

First charge of pig iron on bed. 8000 lb 

Coke charges, regular . 450 lb. 

Pig iron charges, regular . 0000 lb. 


Fluxes. —Material: Marl)lo spalls, limestone, dolomite, fluor¬ 
spar, oyster and clam sliells. For extra quality of fuel and 
clean metal 20 to 30 lbs. of liincstone per ton of iron melted. 

For fuel as ordinarily used and iron as delivered by fur¬ 
naces, 40 to 80 lbs. of limestone per ton of iron is necessary. 


44. CHEMICAL TESTS, 

IRON AND STEEL. 

Elimination of Phnsphoru.^ from Pig Iron, 

1. (J. Lothian Bell.) Pig iron, with 1 to 2 per cent phos- 
phonis, is run in a reverberaUjry furnace, lined with iron 
peroxid or iron ore rich in peroxid, and stirred so as to 
produce a strong action of the peroxid on the molten iron, 
which is kept at a temperature just auflicient to keep it fluid. 

A ton of molten pig containing in UK) parts 1.8 .silicon, 1 4 
phosphorus, and 3.5 carbon was changed in 10 minutes s« 
as to contain in 100 part5 0.05 to 0.01 phosphorus and 3.3 
carbon. 

2. (Krupp of Essen.) Pig iron, direct from a blast-furnace, 

from a cupola or from a reverberatory' furnace, is run on a 
hearth with a bottom made of a mixture of o\id of iron and 
oxid of manganese at a high temperature. In from 5 to 15 
minutes,' 5 tons can be purified, the irnpuritie.s passing in the 
slag. V • 

Determination of ^arbon.—In about 120 c.c of water, dis¬ 
solve 36 grammes o^ aouble chlqrid of copper and ammonium. 
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In this solution, under frequent stirring and the application of 
gentle heat after a few minutes, dissolve 3 grma. of steel or iron 
to be tested. Add a few drop'? of hydrochloric acid if a film of 
iron oxid forms, in order to di.-;.solve it. Filter in a filter made 
of a test-tuiio aliout 7 5c hing und 1.5 c. inside diameter drawn 
at its lower end to an opening of aliout 4 m.m., containing in 
the contra<!ted lower end some angular pieces of glass superposed 
by asbestos wool previously well utiiled. Before and after 
using tlic filter, wash with hot water. Any small quantity 
of basic chlorid of co{)por whi-di may se]>arate, is redissolved 
by the adilition of the necessary quantity of the double 
chlorid solution. The carbon is retained in the asbestos and 
is converted into carlion diovid without drying by UUgreen^s 
process. 

(By color of solut ion, Seraign ) Over a water-bath of 80® C,, 
borings of steel in two portions, each 0 2 grm., are dissolved 
in 20 c.c nitric achl, .sp. gr. 1 2 

Two other portions of steel of known carbon contents, as . 
0.00 and 0 02 per cent, are treated similarly, using the solu¬ 
tions as standards. All the solutions are placed in glasses 
of the same width and brought to the same color by the addi¬ 
tion of water. The relative volumes indicate the proportion 
ot carbon. 

Sulphur In Steel and Iron.—(Fr^nius.) Dissolve the iron 
or steel in hydrochloric acid; couduct the evolved sulphuretted 
hydrogen through an alkaline solution of oxid of leml, pass¬ 
ing at the same time a current of dry hydrogen through the 
apparatus in order to prevent oxidation of the sulphid of lead 
precipitate. From the weight of the latter, collected on a 
filter, the (juantity of sulpimr is calculated 
■ (Dr. Thos M. Drown.) In a flask of about J litre, dissolve 
10 grms. of steel l)oring8 by adding gradually about 50 c.c. of 
hydrochloric acid, and pass the hydrogen sulphid evolved 
through at least 3 successive bottles containing sol^Jtions of 
5 grms, *of permanganate of potassa in 1 litre of distilled 
water. After complete dissolution or cc.ssation of evolution 
of gas, draw air through the apparatus fer some time, and 
then pour the contents of the bottles into a beakef rinsing 
with water, and dissolvJlig any adhering oxid of manganese 
with ^ hydrochloric acid Tlie undissolvcd residue in the flask 
is treated twice with nitrohydrochloric acid, and each tarns 
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evaporated to dryness, redissolved in hydrochloric acid, filtered 
and the filtrate added to the solution in the beaker. Add 
now enough hydrocldoric acid to completely decompose the 
permanganate, converting it into a colorless solution. The 
sulphur has now been converted into sulphuric acid, and is 
determined by the addition of chlorid of barium, and precipi¬ 
tated as barium sulpliate. 

Silicon.— In a mixture of 1 part concentrated suljihuric acid 
and 6 parts of distilled water, dissolve by boiling 1 grm. steel; 
exclude air; evaporate water completely, rendering tliereby 
silica insoluble. Add a few drops of hydroehlorie acid and 
hot water; filter and wash with hot water acidified with 5 per 
cent nitric acid. 

Ignite with filter and weigh, deducting weight of ashes of 
filter-paper, obtaining weiglit of silicic acid. 

If d=diameter in centimetre of best Swcdisli filter-paper 
then weiglit of ashes=0.0001 d’ grm. 

Phosphorus in Pig Iron or Steel. —Mix equal volumes of nitric 
acid, sp. gr. 1.42, and of hydrochloric acid, sp. gr. 1.195, and 
dissolve in the mi.xture h grms. of .steel. Evaporate to dry¬ 
ness and heat until all dark fumes have ceased to escape. Dis¬ 
solve the dry mass in strong hydrochloric acid, evaporate to 
remove excess of acid, add hot water and filter silica off. Evap¬ 
orate filtrate until it is just fluid, cool and then add 4 c.c. of 
strong nitric acid and increase the bulk with distilled water 
to 20 c.c. Add in a thin stream, while stirring, 20 c.c. of molyb¬ 
date of ammonia solution (composed of 100 grms. of molybdate 
of ammonia, 1000 c.c. of distilled water and 100 c.c. of ammo¬ 
nia ap. gr. 0.88), then add a few drops of ammonia and shake 
until precipitate of iron disappears. Submit for 1 hour to 
moderate heat with occasional shaking, so tliat a precipitate 
distinctly separates, leaving a clear supernatant solution. If 
arsenic is present it will precipitate along with phosphorus and 
give inadcurate results. After settling, pour on a 4" Swedish 
filter, wash with warm water so as to concentrate the pre¬ 
cipitate at the centre of the filter. 

The filtering-paper should be quite white and washed before 
use with cold watet, acidulated with 1 per cent of nitric acid. 

Unfold the filter upon another filter, and dry under cover 
rf s large watch glass at from 100° to 140° C. When dry, 
Aolr e and brush the precipitate from the filter into a pre- 
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vionsly weighetl porcelain dish and weigh as phosphoric acid, 

Phosphorus in Metals, Dctormlni^d as Pljosphoric Acld.~—Pre¬ 
pare a solution in- dissolving 25 grins, ol !noIyl>date of ammonia 
in 100 cc dilute ammoniji, pour this solution under constant 
stirring or agitation into WM) c.c of dilute nitric acid (3 volumes' 
strong acid I voliinio water), lieat to 50® C. for some time 
and ilraw jiio clear solution off. 

T)ic metal is dissolvi^l in nitric acid free from hydrochloric 
acid, and is fre<«i from arsenic and silicic acids by Imiling to 
dryness, lioating tintil arsimious fumes cease to escape, redis- 
solviiig III mtrie .‘wid, boiling and filtering to free from silica. 
Tlic lilt.rate is iiumhI with an excess of ammonium inohbdato 
solution, boihid for a lew miimtos and filtered after standing 
a siiort while The pr<»cipita(e is wa.shed with dilute nitric 
acid, diss<)iv(*<l m ammonia and precipitated with magnesia 
mixture as phosphoric acid 

JlanRanpse, -Test in tlio absence of chlorids: 

For a iirelimmary test, heat the substance to be tested in 
dilute nitric acid, add a little lead peroxid. If manganese is 
present its oxidation will impart to the solution the pink color 
ol permanganic acid 

ManRanesp In SpleRcIcIscn, Iron or Steel. —(Scrgius Kern.) 
One gramme ol the powdered substance i.s dissolved in 30 c.c. 
h}’drochIoric acid and heated for about 30 or 40 minutes. 

Tlie liquid is evaporated to one half of its bulk, and water 
added, and tlic msoiublo matter (.silica) filtered through asbestos 
and well wa.shcd 

Tin* filtrate is treate<l with an excess of potash, precipitating 
the iron and manganese, which are filtcrcci off, well washed, 
dried and strongly igniUtl in air, prcHlucing a mixture of ses- 
(juioxid of iron and ])rotopcn>\id of manganese, Mn^O,. These 
powders arc placed iu a small hard glas.s tube, add a current 
of liydrogcn is passed through it, while it is heatc^i to red¬ 
ness After 15 or 20 minutes tlio mass assumes a greenish 
color, consisting of a mass of metallic iron and protoxid of 
manganese It h ciKiltd with the hydrogen passing through 
it, and tlie cooled tube is introduced into naphtha and emptied, 
crushing part of the ti^c while immersed if the mass should 
not readily separate. The iron is removed bj’ a magnet; the 
remaining protoxid of manganese is washed, dried, and ignitedf 
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thereby reconverted into protoperoxid, containing 721)'') 

per cent of metal and weigliod. 

Volumetric Determination of Mangnnese In Steel or Pig 
iron, —1 Two titruttnl si.lutions in distilled water are pre¬ 
pared as follows: 

A. Oxalic acid H 2 C 204 + 2 n 20 2 285 gnna. in 1 litre of 

iolution, each 1 c.c. coidahiing tlie equivalent of 1 milligram 
3f Ma in MnOj, in accordance with the eq\jation: 

HjCjOrl-Mn02 +II,,SO,-MnSO,+ 2(.'(), 4-211,0. 

B. Potassium permanganate, KMnO,, 1 148 grins in 1 litre 
if solution, 1 c.c being tlic (Kjuivalent of 1 c e cf th(j above 
jxalic acid solution in accordance with the equation: 

5H,r^0, + 2KMnO, + 311,80,- K,S( >, 4- 2MnS( t, + I OCO., + 811/). 

This solution may be made vso that 2 or 3 c c are necessary to 
saturate 1 c c. of oxaiic-at'id solution. The potassiiiiii-jxnnian- 
ranate solution should l>e prcjiarcd in two portions, one too 
lonccntrated and the other too dilute; l>oth should be fioiled 
ind then left for 2 days to precipitate, and from the two por¬ 
tions a mixture ol tlie proper strength sliould be made. 

In about 40 c c. of concentrated nitric ar-id 1 grm. of steel 
ir pig iron is dissolved witli heat In the case ol pig iron, 
ifter solution filler through asbestos, washing witli concen¬ 
trated nitric Jirid for the removal of silica and carlxm. Keep 
the steel solution or the pig-iron filtrate boiling, while gradu- 
illy and cautiously adding 1 to 2 grms of pf)tassium chlorate, 
pulverized. This precipitates the manganese as dioxid, MnO, 
Filter througii asbestos with^tlic aid of t!ic filter-pumps, and 
wash well with water. 

The precipitate, with the asbestos in the filtering funnel, 
ie now bl(^wn in the beaker, in which the manganese has been 
precipitated, washing tJic ftinnel with water, and adding a 
moderate excess of the titrated oxalic acid over what is sup¬ 
posed to be needed to neutralize the MnO, contained in the 
beaker 

If a sample of 1 grm. of iron or steel which has been treated 
in this manner is estimated to contain in the vicinity of 1 per 
cent of manganese, then about 2Q c.c. of titrated oxalic acid 
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solution are added to the contents of the beaker, and 2 or 3 
c.c. of sulphuric acid This is made up to about 00 c.c with 
water and heated to from 70° to 80° C while stirring. While 
yet warm, the titrated potas-sium permanganate solution is 
gradually meitsured in the solution, until a last drop produces 
a permanent coloration If it is then found that 8.7 c c, of 
permanganate solution has thus betm added, then 20-8.7 
“ 11 3 c.c of o.xalic acid solution has been neutralized by the 
MnOj in the bleaker, and, since each c c is c(|uivalent to 1 milli¬ 
gramme of manganese, the sample treated contains 11.3 milli¬ 
grammes of manganese or 1.13 per cent. The presence of the 
asbestos does not obscure the final indication. 

2. A second method consists al.so in preparing two titrated 
solutions as follows: 

a Ferrous sulphate, FcSO, + 7H./), 10 114 grms. in 1 litre 
of solution. Each c c. of this solution is eijuivalent to 1 milli¬ 
gramme of Mn in MnO,, as shown by the equation: 

2FeS(L + Mnf )j+ 2FLS(),=Fe.,(SO,L + MnSO, + 211,0. 

b. Potassium permanganate, KMnO„ 1.15 grms. in 1 litre 
of solution. The KMnO, in 1 c c of this solution will oxidize 
the ferrous salt to ferric salt in 1 c.c of the above ferrous sul¬ 
phate solution, in accordance with the equation. 

2KMnO. + lOFeSO, + SH,SO, 

= K,SO,+2MnSO, + ,5Fe,(S0.1, -I- 8H,0. 

The sample to Ire analyzed is treated as in the foregoing 
method The contents of manganese is also obtained by the 
difference of the portion of ferrous salt neutralized by KMnO,, 
subtracted from the whole amount of ferrous salt solution 
added to the steel or iron solutions, this difference giving the 
imount neutralized by MnO,, which is a compound of all the 
■nanganese originally contained in the sample. , 

Passive .State ot Iron.—Plunge iron in concentrated fuming 
litric acid. This renders the surface of the iron inattackable 
ry acids, and the iron becomes therefore indissoluble in the 
icids, unless the skin so formed is mechanically removed. 
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45. METALLIC ALLOYS. 

Uses, Resistance, etc. 

Minimum Poroontage of Metals In Paying Ores. 


Name oi Metal 

I’or (’ent Melol 
in Ore 

Name <»f Metal 

Per ('ent Metal 
in Oro * 

Iron. 

25 10 40 ! 

Tin 

1 li> 1 5 

Lead. 

20 to 25 

Mercury.... 

1 to 2 .5 

Zinc. 

20 to 25 

Sliver . . 

{) 0005 toO 001 

Antimony. 

20 W 25 

Phttinuin.... 

0 0001 (oO 0002 

Copper. 

2 to 2 5 

Cold. 

1 

0 (X)OOOl toO 00001 


Allt)ys oj Copper ond Tin. 


Beeignation uf 
Alloy 

Cojiper, 

Per 

Cent 

Tin, 

Pnr 

Cent 

Designation of 
Alloy 

(>)ppcr, 

Per 

('ent 

Tin, 

Per 

(kiijt 


1 OK 

2 

Bearings.. . 

88 

12 


\ 96 

4 




1 03 5 

f).r> 


90 

4 

Gun, ordnance... . 

90 

10 

1'U‘tiMi poi’king 

92 

7& IZn 


89 

11 

90 

9& IZn 

Large.. . 

1 K2 

IK 


Bell. 


23 




Small... • 

Iro 

30 




Speculum n-etal. 
David Hobs’ Cu 4 Sn. 

67 

■^70 

1 ti8.25 

33 

30 

31 75 





Ordnance llronze. 

(According to^U. S. Ordnance Manual.) 

The copper used not to contain any appreciable quantity 
of sulphur, to contain not more than 0 001 part of arsenic and 
antimonji united, not more than 0 003 lead, iron, or oxygen. 
Should be rejected if it contains more than 0 OOr) parts of foreign 
substances altogether. 

The tin should l>o rejected if It contains 0 001 arsenic and 
antimony or more, or if it contains 0 003 part of lead, iron, 
and more than 0.004 foreign siibstaflees altogether When 
tin is run into elongated drops, these should be bright and 
amooth without rough spots. 
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The bronze should be rejected if it contains 0.001 or more parts 
of arsenic and antimony united, more than 0 003 of lead, iron, or 
zinc, and if it contains 0 005 or more foreign substances in aJI. 

When broken, gun metal should have a fine close-grained 
fracture and simuld be ductile 

Bronze used ior rifled howitzers of the navy is made of Lake 
Superior copper, 9 parts, tin 1 part, when cast in sand molds, 
and of 10 p.arts copper. 1 part tin, when cast in chill molds 

Tlie <‘op]:fei is melted in a reverberatory furnace and when 
perfectly fused the tin is stirred in for half an hour, when the 
bronze is cast in the chill, the latter in previously heated to 
drive all moisture out 


PhoHphor>br»nz4>. 




Phoa- 

I Brass 

Emplo 5 'merit 

(.'upper 

phor- 







Tm 

Copper 

Zinc 

•lournal for liKivy main xhafU* 
Boxo-- forcojincoting and coup- 

85 

15 



litiK-rod.'. ' . 

90 

30 



Hub-titiifc for ordinary bronze ^ 

10 

4 

(i5 

35 

lOmidoyment 

Copper 

Tjn 

1 Plio-sphor- 
1 (bpfier 

Zinc 

.iouriial loi hea\.v niain nhaft^. 
Bttxch for cojiiiccuiig and coup- 

88 

12 

1.75 


ling rods. 

90 

10 



Piafoii rings, \alveH, and Valve- 

jS.'i 5 

8 

3 .5 


seats, pinions. 

177.8.5 

11 

3 5 

7.65 

Cog-wheel*, propellor-screws, 





hydraulic picps pumps . .. 
Piston-rods, oolLs for cylinders. 

74 5 

11 

3.5 


72.5 to 7.53 

8 

2.5 to 1.5 

i 17 to 19 


^ Can be forged cold. * Ww used for wire ropes in mines. 


PhoHphor-copper«— (1) 4 parts superphosphate of lime, 

2 parts granulated copper, 1 part finely pulverized coal Heat in 
i crucible at not too high a temperature. The phosphor-copper 
2 olIecting at the bottom contains 14 per cent phosphorus. 

(2) To a copper-sulpliid solution add phosphorus; boil. As 
.ong as copper phosphid is precipitated add phosphorus. 
[Collect the precipitate carefully dry, melt and cast in ingots. 
The substance should be quite black. 

Phosphor-tin.— (1) Collect, and wash the spongy tin from 
i solution of tin chlorid, SnCl^, in which a bar of zinc has been 
Dlaced. Take 100 parts tin and 3 parts phosphorus, cover - 
ihe sticks of phosphorus at the bottom of a crucible with this ’ 
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yet moist tin sponge, pressing it tightly Heat gently until 
phosphor flatnes are no longer observable on the crucible. 
The tin-white, coarsely crystalline phosphor-tin will collect at 
the bottom. Melts at STO” 0 =-7(Mf 1' 

(2) 3 parte phosphoric acid (unhydroiis), 0 parts tin, 1 part 
carbon. Melt in a orucil>lc 

By replacing in tlic coin|)()sition, of ordinary hronz-c 0.1 part 
of the tin by phosplmr-tin tlie bronze is greatly improved in 
soundness and tougitness • 

In using pliosphor-tin in the manufacture of phosphor-bronze 
avoid the einploynicnt of zinc in the bronze. 

Process of RuoUz and de Fontenay.--(3) Mix the siriipy acid 
phosphate of copjMjr with 0 2 of its wciglit of (charcoal and 
melt in a plumbago cru<'ible, cast ingots of about 1 idlogramme. 
2 2 lbs. The resulting coin}K)iiitd is quite brittle and can be 
broken wdth light blows in the hand 
This phosphor-copper contains alxnit 15 per cent of phos¬ 
phorus. It is prefcraldc for the nianufa<*tiiro of })ronze, as 
it can be employed for alh»ys containing no tin, ax yellow brass 
German sih’er, etc , and lor pure cop|)er. 

Preparation of PhospItor-bpon*e, — Melt the cop))er first, 
covering with charcoal, add the rcfjuired tpiantity of tin, zinc 
etc., and when coinplctcly melted, add, according to circum¬ 
stances, 1.5 to 3.5 per cent of phosj)hor-coppcr, w'hilc continu¬ 
ally and carefully stirring with a bar of graphite or of retort 
carbon. Skim carefully the coal and scoriae on top; pour 
before a skin forms on the surface 
Ordinary bronze and phosphor-bronze rcmelted should be 
treated the same way^ If the stirface of the remclted metal 
should not be bright, a small addition of phosphor-copper 
should be made. 

Remarks.—The function o/ tlie phospliorns in melting bronzes 
consists in a deoxidizing action on tlie metals forming the alloy 
The oxygen of the oxids of the metals, intermixed in the mass 
of the molten alloy, is consumed by the pliosphorus present, 
thereby reducing the oxid.s to the metallic state. The anhy¬ 
drous phosphoric acid so formed, being eliminated from the 
molten metal muss, changes the latter from a combination of 
metals, intcimixed ,with impurities into an alloy of pure inetals. 

The so-purified alloy, therefore, sjjould not contain any 
phosphorus, or should contain it only as a very small excess of 
the phosphid introduced in the r^elt. 
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Bronzes, or Copper*tln Alloys. 


Employment 

Cotnpi 

Copper! 

leition ! 

1 

j Tm 

Tenacity, 

1 Pounds 

1 iier 

1 Bq.In. 

I'ructure 

Itemarks 

Copper. 

100 

00 

i 128.000 

1 124,200 

Fibr<)U.s 

Mean of 9 tiamplee 

English ordnaucG... 

m 

74 

K 

26 



PrusHiac) ordnance. . 

90 

91 

9 

09 

32.000 



French ordna'ico... 

90 

73 

9 

27 





90 

1 

9 

J 




U. S. ordnance.. . 

90 

00 

10 

(K) 

27,000 

Earthy 



«y 

29 

JO 

71 

26,000 


S. ord. gun-heads. 

89 

29 

10 

71 

25.800 


Mean of 12 samples 

Jewelers’ punches. 

83 

.30 

10 

70 



Chinese gong 

80 

43 

19 

b7 




Beils, 300 years old . 

8i 

00 

1 

00 




Bells, best metal .. 

78 

(K) 

20 

00 




Bells, 000 years old - 

70 

20, 

23 

«0 




Mirror of telescope. . 

m. 

,82, 

31. 

18 




Mirror metal. 

68 

21! 

31 

79 




White bell. 

(R) 

00| 

40 

(H) 




•• “ . . . . . 

40. 

,00 


uu 




Phosphor-bronze... 



I (iO. 


140,000 


Hard 





56,000 


Aiiocaled 

Babbit metal. 

10 


90 






Brassi or Copper-zinc Alloys. 


Name and Uses 

i'optier 

3sitioo 

Zinc 

Color 

; Fracture 

Tenacity, 

Pounds 

l>er 

Sq. Id. 


j 91 00 

1 9 00 

Yellow-red 


26.000 


1 90 00 

10 00 

I Re<i-yellow 


26,500 

Oriiamental casting 

S6 00 

14 00 

' Yellow-red 


29,000 

Tomhao of Oker, 

85 00 

15 00 

Red-vellow 

Earthy 

30.000 

Bronze powder 

: 8.3 99 
77 9 

17 IK) 
22 00 

Re<l-ye!Jow 

Yellow 

Earthy 

35,000 

Ship sheathing ... 

74 62 

25 38 

Yellow 

{Finely 

I crystalline 

30.000 

Sheet brass . 

74 48 

25 52 

Yellow 

129.000 

Chrvsorin .. . 

Bristol metal. 

72 00 
67 2 

2ft 00 
32 8 

Yellow 

Yellow 

Earthy 


Common braes .... 

66 66 

33 33 

Yellow 


28.000 . 

Brass wire . 

65 4 

34 6 

Yellow 


35,000 

Hard solder 

61 25 

3ft 75 

Red-yellow 

Earthy : 


Muentz metal .... 

60 00 

40 00 

Red-yellow 

Earthy 

41,000 

•Sheathing for ships. 

.59 .5 

46 5 

Red yellow 

Earthy 

42,000 

Bras^. very ductile 

54 9 

45 1 

Red-yellow 


45.000 

German brase .... 

49 47 

50 5.3 

Yellow 

Crystalline 

20,000 

Bolder for brass 

33 34 

66 66 

Yellow 


White button 

19.65 

80 35 

Ash gray 

Crystalline 

4,000 
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Copper, Tin, Zlnr, and Other Alloys. 



Comcositioii 

f omposition 

. Name 

9 

s 

Name 





Zs 


c c 

&.S 

£ 

15 



h 

N 

O 

h 


i 

5.5 

3 

32 Gold, imitation. 

81 .5 

f) 5 

8 


58 

17 

25 lliootc for mrd.a),s. 

80 

3 

17 

1 

H5 

5 

11 Metal for generul use 

90 

5 

5 

TeleHcnpe mirrors. 

50 

28 

22 Journui hcanoKS... 

•75 

12 

•i 

Buttons, soft . .. 

88 

0 

0 




Buttons, hard. . .. 

84 

8 

H 




Chryecuhe ■ . 

88 5 

5 75 

.S75 





Manganese brf»nze. . 88 Cu 10 So 2 Mn 

Babbit hardener. ... 4 C\i 12 Sn 8 Sb 

Babbit bcx-luiing. ... 1 hardenoi 2 tin 
Plumber^.' solder. . . 1 tin 2 lead 

Stereotype. 17 tin 07 loao 15 antimony 

Sterpo-metal . 5.104 Cu 42.30 Zn 0.83 Sii 1.77 Fe 

Aluminium bronze. . 90 Cu” 10 AI 

U. S. Nickel coin metal 75 Cu 2.5 Ni 

Influence of Small Quantities of Certain Metals on Alloys.— 
0.007 per cent of antimony unfits Ittid for the manufacture of 
white lead 

0.5 per cent of iron in oopper reduces its electric conduc- 
tibility to 40 per cent. 

0.1 per cent magnesium or 0.3 per cent phosphorus added 
to nickel makes it, from brittle, malleable. 

0.08 per cent of manganese or magnesium added to steel 
increases its malleability 

A small addition of tin, from 1 to 5 per cent., to a brass alloy 
of nearly equal parts of copper and zinc, the cop|wr being 
about 55 to 58 per cent of the alloy, may increase the tenacity 
of the alloy over 100 per cent ; from a minimum of about 40,000 
and less to a maximum of over 85,000 pounds per square inch 
of section 

As a matter of great importance to brass founders, machinists, 
electricivis, engineers, and contractors special attention is 
called to the tables of tenacity of simple metals and of tne 
alloys compounded therefrom, contained on pages 208 and 
209. and to the subject matter relating to the same and othei 
propertie*s of alloys contained on page 210 For detailed in* 
formation dn this subject consult R H Thurston. ' Mnteriah 
of Engineering^' John Wiley and Sons, Scientific Publishers 
Xew York. 
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CLASSIFIED TABLES OF ALLOYS. 

Coppefi Zinc. 


lied Brass 

Copper 

Zino 


1 93.6 

6.4 

2, Austriau journal boxe.‘>. 

92.5 

7.5 


1 90 

10 

4, “ “ . 

86.5 

14.5 

5. Ornaments, English alloy. 

86.38 

13.62 

6. “ p , Touruay. 

1 82.54 

17.48 

7. Imitation Halberland. 

87 

13 

8. Buttons, Tessier,. 

97 

2 

9. Tombac, common. 

71.5 1 

28.5 

10. Tombac, Arcet, gilded. 

82.3 1 

17.7 

11. Tombac, Hegormuhle, Paris. 

85.3 

14.7 

12. Tombac, red, Paris. 

92 j 

8 

13. Tombac, red, Vienna.. 

97.8 ' 

2.2 

14. Tombac, leai, Ludeuscheid. 

99.15 

0.85 

l.'j. Tombac, leaf, Ludenscheid. ... •• 

84.21 

15.79 

16. Bronze powder. 

84 

16 

17. Leaf bronze. 


16.4 

18. Leaf bronze, gold, Vienna. 

77.9 

22.1 


Yellow Brass 

(’op|>er 

Zino 

19. Malleable brass... 

70.1 

29.9 

20. Malleable brass, Liidciiscbeid. 

72.73 

27.27 

21. Chrysorin .. - 

72 

28 

22. Common brass. . ... 

66.6 

33.4 

23. Muntz metal, Bobierre... 

74.62 

25.38 

24. Bobierre, low grade. 

59.5 

40.5 

25. Brass wire, good. 

65.4 

34.6 

26. Brass wire, ductile, Storer. 

54.0 

46.0 

27 Malleable brass, Mecht. 

65.24 

34.76 

28. Malleable and ductile. .. 

66.0 

34.0 

29. Malleable brass, Vesslere. 

58.3 

41.7 

30. Chrysorin, Hauchenpergers. 

66.7 

33.3 

31. Bristol brass,... 

75 7 

24.3 

32. Bristol brass. 

60 8 

39.2 

33. Mosaic gold. 

05.3 

34.7 

34. Brass solder.. 

61.25 

38.75 

35. Brass solder, strong. 

33.34 

60.64 

36. Bath sheathing. 

55 

45 


White Metal 

Copi)er 

Zino 


43 

20 

25.4 

1 

57 

80 

74.60 





Copper, Zinc, Tin. 


Tombac Alloys, Brnnze-Iike 

Copper 

Zino 

Tin 

40. French. 

80 

17 

3 

41. GrtUlen bronze.. 

80.97 

0.96 


42. Ornaments. 

82.0 

17.5 

KkH 

43. British Navy... 

62 

37 
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« 

ALLOYS FOR TECHNICAL USE. 


Copper, Zinc, Tin. 


Designation 

Copixjr 

Zinc 

Tin 

44. British Navy serew-prorjellcra. 

87. G5 

4.03 

8.32 

45. Eccentric straps. 

83 

2 

16 

46. Connecting-rod boxes.. 

84 

2 

14 

47. " •• . 

82 

2 

16 

48. •• “ . 

85.25 

2 

12 75 

49 Locomotive axl©. 

80 

2 

18 

50. “ “ . 

82.25 

» 

12 75 

61. “ . 

89 

3 

8 

62. Car and locomotive. 

89 

8 5 

2 5 

53. Valve.s, cocks, etc. 

88 

2 

10 

54. Pumps... 

86 

0.8 

12 4 

55 Piston ring (Scraing). 

89 

9 

2 

56. Axle-hearing (trench). 

82 

8 

10 

57 “ ,har<l (G B ). 

87.05 

5 07 

7.88 

58, Whistles, dull. 

81 

2 

17 

59 Stuffing-box (Belgian). 

90.2 

6.3 

3.5 

bO. Axle-bearings, wagon. .. 

78 

2 

20 

61- Brass, best quality . 

65.5 

33.0 

0.6 

62..... 

74.5 

25.0 

0.5 

63. *• “ . 

79.5 

20 

0 5 

64. “ . Tobin e . 

58.22 

30.48 

2.30 

65. Bearings, cheap. 

66. “ •* . 

5C 

16 

28 

58 

14 

28 

67. ‘ “ . 

5 5 

80 

19.5 

68. bnti.sh Woolwich lor sheathing nails. 

87 

4.3 

8.7 

69. Medals. 

97 

2 

1 

70. Coins (ol<J French).. 

95 

1 

4 

71. Piefons and rods. 

74 1 

22.2 

3.7 

72. Casting upon iron.. 

73. Gearing. 

78.7 

15 

6.3 

88.8 

2 7 

8.5 

74 Weights (Chemical HI.). 

90 

2 

8 

75. Mathematical instruments.. 

82.1 

5.1 

12.8 


White Alloys. 


76. Bristol... 

67.9 

3G.8 

5.3 

77. “ . 

61.12 

36.11 

2.77 

78. White solder, soft,... 

57.44 

27.08 

14.58 

79. Bell, Herbohn. 





63 88 



81. “ . 

63.01 

35.61 

1.39 

82. Mirror, good lustre. 

50 

21.40 

28.60 

83. Bell, Herbohn. ! . 

71.43 

2.17 

26.40 

84. Pump-eockfl. , 

7 

72 

21 

86. Rolls for print-work. 

5 

78.3 

15.8 

86. Bearings.i 

4.2 

66.5 

29.3 

87, Anti-fnetion, Fenton. 

5.5 

80 

14.5 

88. V , Manchester.. 

5.69 

76.14 

17.47 

89. " .English. 

7.40 

67.70 

14.9 


Attention is called to the fact that the alloys in the tables above 
are technically applied, where the requirements are great resist* 
ing power against frictional abraaion, ^ in bearings, or against 
impacts, and the Corroding actions of water and other liquids, 
as in pumps and valves, or ^nally, against powerful me- 
chaoioal strains, as in gearings, propeller blades, and piston-rods. 
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MINERALS AND METALS. 


Copper. Zinc* Tin* Lead* 


Designation 


90. Statuary, Pot«clam. . .. 

91. “ , “ , BfichiiH. 

92. “ .Louis XIV 

93. “ . Henry IV, Paris... . 

94. “ , Nopolcoii I, Pans.. . 

95 “ , Clm. Venflome, Pari.s 

9fl. Objects to be gilde<l. ... . . 

97. “ “ “ . 

95. Wire, English. 

99, *■ .Augsburg. 

100. Iveaf, Aix-la-('liapelle. 

101. Wlute, for buttons. 

102. . . 

103. Berthier alloy. 

104. Sun<lry alloys. 

105. “ . 

106. Clockwork.. .. 

107. “ . 

108. Oreille bronxe. 

109. Oker brass. 

no. Sheathing nails. . ... 

HI. Solder, yellow, hard. 

112 “ , “ .soft. . . 

113. Machinery, brans. 

114 Bearings, engine. 

115. Pist ms, engine. . 

116 Parts at high lonipcraturc.. 

117 Gold-colored .. .... 

118 “ harder. 

119 Parts, heavy friction. 

120. Sheathing niul.s (Percy). 

121. Chinese white metal. 

122. Soft metal. 

123. Common spelter. 

124. Pewter . 

125. Heine’r. alloy . 

126. Erhardt’s alloy. 


Copper 

Zinc 

Tin 

Lead 

88.68 

1.28 

9 20 

0.77 

89 34 

1 63 

7,5 

1.21 

91.4 

5 63 

1.7 

1.37 

89.02 

4.2 

5.7 

0.48 

75 

20 

3 

2 

89 2 

0.5 

10.2 

0.1 

63 7 

33.55 

2.5 

0.26 

72 43 

22 75 

1.87 

2.97 

70 29 

20.36 

9.28 

0.17 

71 89 

27 63 

— 

0.85 

64 8 

32 8 

2 

0.4 

48 5 

33 32 

6.0G 

12.12 

58 71 

33 03 

5.50 

2.75 

71 9 

24 9 

1.2 

2 

61 6 

35 3 

0.6 

2.6 

63 7 

33 5 

2,5 

0.3 

GO 66 

30 88 

1.35 

0.74 

66 06 

31 46 

1 43 

0.88 

68 21 

31 52 

0 48 

0.24 

64 24 

37 27 

0.59 

0.12 

03 6 

25 

2.6 

8.8 

53 3 

43 I 

1.3 

0.3 

44 

49 9 

3.3 

1.2 

74 4 

8.9 

9.5 

7.1 

79 

5 

8 

8 

84 

8 4 

2.9 

4.7 

90 7 

5 3 

2.7 

1.3 

74 

10 

1 

15 

70 

10 

10 

10 

83 

1.5 

15 

0.5 

03 0 

24 0 

2 6 

8.7 

72.5 

14.3 

4.7 

18.5 

3 

40 

15 

42* 

4.4 

1 .5 

82.3 

11.8 

.5 7 

1.0 

81 2 

11.6 

11.4 

84.3 

1.4 

2.9 

4 

89 

4 

3 


Copper* Tin, Antimony. 


De.signation 


127 Bronze. 

12S. Steam-whistles. 

129 Westphalian alloy . 

130. Magdeburg alloy. 

131. Berlin alloy. 

132 Anti-friction (Kamarsch)... 

133, “ “ 

134. “ “ 

13.5. " French RR.. 

136. “ (Kamarsch).. 

137. FentoD. 

13S Anti-friction, English. 

139. “ “ .. . . 

140. “ Bavarian.... 

141. . “ Ludensmeidt s 

1^ Britannia, Birmingham. . . . 

■<45. “ , Aflberry. 

144. ** , cast. 


Clipper 

Tin 

Antimony 

87 ' 

12 

1 

80 

18 

2 

7 

82 

11 

11 

74 

15 

5 

86 

ID 

3 7 

88.89 

7.4t 

6.2.') 

81.26 

12.60 

0.76 

70.73 

19.61 

5 

71 

24 

21.44 : 

71.41 , 

7.14 

5.5 

80 1 

14,5 

7.80 

76.70 

15.60 

2 i 

72 

26 

2 

90 

8 

4 

72 

24 

1.50 

90,6 

7.2 

2.8 

77,8 

19.4 

0.09 

90.71 

9.2 
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BRONZES. 

Copper. Tin. 


BcKignation 

Copjier 

Tin 

145. Beil, white, wlvery . 

78 

22 

140. “ . Ileichcnhall. 

80 

20 


60 

40 

148. “ . 

75 2 

24.8 

149. “ . Herbohn. . 

75 

25 

150. “ " . 

73 

27 

151. Cun.metal, British. 

91 T4 

8.26 

162. “ , Prussian. 

90 DO 

9.10 

153. “ , French Medals. 

90 1 

9.0 

15L “ , common.. . ... 

90 7 

8.3 

15S. “ , . 

89.,3 

10.7 

150. Mirror, Cii )Sn. 

68 21 

31.70 

157- “ , MudKe. 

68 82 

31.18 

158. “ , Laderin. 

69 

28.7 

159. Medals. . . . .. . 

93 5 

6.5 

160. ■■ . 

92 

8 

161. Machinery, malleable... 

98 04 

1.00 

162. Eislcr’s yellow broiiae. 

94.1 

5.9 

163. Gearing.. . 

91.3 

8.7 

164. Bearing, Kochlin.... . 

00 

10 

165. “ , Seraing . 

86 

14 

166. ‘' . carriage wliecK. 

167. Bronze for stamping 

84 

16 

83 3 

16.7 


GERMAN-SILVER ALLOYS. 

Copper^ Zinc, Nickel. 


German Silver 

} I 

Copper 1 

Zinc 

1 

; Nickel 

Common. 

55 


, 25 

20 

Wagner’s. 

50 

66 

19 31 

13.18 

ChineBC. 

26, 

.3 

36.8 

36.8 

‘ ‘ , poor., . . 

43 

8 

40 6 

15 6 

“ , tuteuag, amber, hard. 

45 

7 

39 9 

17.4 

Sheffield, common, yellow. 

“ silver-white. 

59 

.3 

25.9 

14.8 

55, 

2 

24.1 

20 7 

*' electrum, bluiah. 

51 

6 

22.6 

25 8 

" hard. 

45, 

7 

20 

31.3 

Berhn, richest. 

52 


26 

22 

“ inediura. 

59 


30 

11 

* * lowest.. 

63 


31 

6 

French Arcet. 

50 


31.3 1 

18 7 

r»o 


30 

20 


58 

3 

25 

16.7 

Austrian^ Gersdorff. i 

50 


25 

25 

65 

6 

22.2 

22,2 


m 


20 

20 

Fricke’.** bluish ytllow. hanl - • - 
“ ' pale yellow, ductile. .. . 

55 

.5 

39 

6 5 

()2 

5 

,31 2 

6 3 

“ silvery, hard.. . ' 

" , “ , harder .... 

50 


18 8 

31.2 

,59 


30 

10 


Bronces'of normal composition rfre mainly employed in 
machinery, in military and naval appliances, where toughness 
and great resisting power against suddeh strains are required. 
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MINERALS AND .MED^ALS. 


Copper-Nlckcl; Copper, Tin« Nickel* 


Designation 

Copper 

Tin 

Nickel 

United States old coin. . ... 

81 8o 

— 

18.15 

■' ‘‘ finst legal slamlard. 

8.') 

— 

15 

■' ‘ uih] Belgian, recent . .. 

75 

— 

25 

Castings . 

f>2 5 

28 8 

17.7 

Bearings . 

50 

. 24 5 

25 5 

Berthier, hhiisli w iic . 

08.2 

— 

31.8 

Meichoir iron, sitnc, 17. 

55 

2 

23 

Sheath for leaden bullct-s. 

80 

— 

20 


Copper, Zinc, Nickel, Iron, Cobalt, 


De-ignution 

C*>pi)er 

Zinc 

Nickel 

Iron 

(’liinese Packfong, . 

40 4 

25 4 

31 0 

2.5 

Sheffichl (derrn.an .Mlvei). . . 

5S 2 

25.5 

13 3 

3 

Parisian mailleclonl. 

05 4 

1.3 4 

10 8 

3.4 

White, hanl. and brittle. .. - 

18 S 

24 4 

24.4 

2 4 



214 


2 





(!obalt 

Engli.sh German silver. 

00 

17.8 

18 8 

3.4 


57 


15 1 

3 




Tin 1 

Iron 

SteiTo-metal. 

... 5.5-00 

3f>-41 

1-2 i 

1-2 


Copper, Zinc, Tin, ItlKmuth. 


Name of Alloy 

CoplH*! 

Zinc 1 

Tin 

Bismuth 

White, sonorous, hard. .. . 

2 I 


97.3 

0.6 

“ .Algerian. 

2.4 

— 

07 

0 6 

Tinning iron. 

5 1 

10.3 

76.9 

7.7 


Copper, Zine, Tin, Antimony, Bi«imuth, 


Name of Alloy 

' Copper 

Till 

Zinc 

Antimony 

Bismuth 







Pewter leaf. 

1 8 

89 3 

— 

7 C 

1.8 

• < ■ • 

! 0 K 

84 7 

— 

1 7 

6 8 

“ •< 

1 0 

83.3 

0 0 

6 0 

1.6 


j 3 0 

85 

1 4 

5 

5 

“ fine. 

0.81 

85.01 

5.0C 

9.66 

0.83 


Various Alloy* of Lead and Tin vith Other Metals. 


Name of Alloy 

'I'iii 1 Lead 

Antimony 

Bismuth 

Arsenic 

Queen',s elloy. 

^9 1 1 

1 

1 

_ 

Perrotine’s for roll.s 

48 ! 32 5 

10 5 

9 

— 

Sbot-mctol.. 

- 1 100 

— 


0.4-3.0 
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Type Metai. 

Note.—In Lbe column of eundriee Cu=> copper, Zn~rinc, Al» aluminium. 


Designation 

Lead 

Anti¬ 

mony 

Tin 

Sundry 

Metals 

Type metal, medium. 

10 

1 

_ 


“ •• soft. 

34 

1 


_ 

‘‘ hard. 

4 

1 

— 

— 


— 

59 

Zd 33 

** ** ** .. .. 

70 

13 

10 

Cu2 

" “ sharp, rexlnling.. 

10 

4 

►- 

AI 1 to 3 


Solders for Joinlns Various Metals. 


UcsiKiiation of Solder. 


Plumbers, coarse. 

■■ fine. 

Tinners, fine. ' 

“ common. 

For copper, brass, or iron. 

“ .bani. ! 

“ “ ' ‘ ‘ yellow. 

" silver and steel joints 
■* silver-plating. . . 

Silver solder forTirass nr iron . . 

“ “ fu.sible. 

Solder for gold. . 

" fusible at 320® F... 

■* “ “ 310M-'. 

“ “ •• 202® F. 



Amalgams. 


Designation 







Amalgam for plane mirrors. 


70 


30 

_ 

_ 

“ curved mirrors. ' 


4 

— 

1 

— 

— 

“ “ " mirrors. 

1 

1 

— 

9 

1 


“ “ electric machines 

_ 

1 

1 

2 

— 

— 

• by Singer. 

— 

1 

2 

3 5-6 

-- 

— 

“ ^anatomical 

4 

7 


20 

12 






74 


26 


_ 

_ 

_ 

78.26 

__ 

21 74 







For special consideration it niay be .stated that the alloys of 
mercury with other metals, generally known under the name 
of amalgams, constitute a very extensja’e variety Besides the 
more common metals, the alkaline metals, potassium, sodium, 
etc., combine with mercury in almost unlimited proportions 
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ItfeltinK-polnts of Alloys of Load, Tin, Bismuth. 


IpAKKs A.M» Martin.) 


Parts 

Melting- 

pomt.s 

Parts 

Molting- 

(loints 

Parts 

Melting- 

poicts 



£ 





£ 





.a 



"Si 


a 

£ 

-■S 



s 

e 

.a 

. V 

1 


9 

S_ 

b 

■fl 


.3 


ffl 

u. 

.V m 

.3 

H 

Q 

Cb 


3 

'C 

tt 






f 

c 




0 

0 






3 

2 

.6 

197 

93 

16 

14 

8 

290 

143 53 

30 

24 

8 

342 

172.22 

5 

3 

S 

202 

94 44 

10 

10 

8 

292 

144 4 

32 

24 

8 

352 

177.78 

0 

3 

o 


97 78 

16 

IH 

8 

298 

147 78 

32 

28 

8 

332 

166.67 

8 

3 

N 

226 

107 78 

16 

2(1 

8 

304 

150 1 

32 

30 

8 

328 

164 44 

8 

4 

8 

236 

113 33 

10 

22 

K 

312 155 5,5 

32 

32 

8 



8 

6 

8 

•243 

117 22 

210 

24 

8 

3161.57 78 

32 

34 

8 

318 

158 89 

'H 

8 

8 

204 

123 33 

18 

24 

8 

312 

l.>b .*10 

32 

36 

8 

32(i 


in 

8 

8 

266 

139 0 

20 

24 

8 

3101154 44 

32 

38 

8 

322 

161 11 

12 

8 

8 

270 

1.32 22 

22 

24 

K 

308 153 33 

32 

40 

8 

324 

162 22 

Ifi 

8 

8 

.300 

148 89 

24 

24 

8 

31o!i.'.4 44 




•■’Ca 

d. 

16 

]() 

8 

301 1.51 1 

20 

24 

8 

32 OIIOO 

2 


4 

1 

61 

16 

12 

8 

294'145 .55 

1 

28 

24 


330jl65 55 

8 

4 

15 

3 

62 


’ Pcrrotiae alloy. ’ Printing-rolls. *Ca(l.“Cadmium. 


McltlnK-polnt.s of Tin, I^ead. 


Parts 

1 Melting- 
ponits 

Parl.s; 

Melting- 

points 

Parts 

Melting- 

points 


Melting- 

points 



c 

, 4) 
-■0 

i 

^ "0 

1 S 

1 . 9 


-0 1 

5^ 

1 9 

c2 

1 


£ 

. 9 

sl 

H 

3 

«s 

JU M 

U 

” 

1 0 

(Q 

Ui 

(3“ 


.3 

(b : 

s>* 

I 


! ^ 

3“ 

> 4l 

1 4 

332 

106.7 

4 

6 

412 

211 67 

4 

28| 

527 

275 

4 

50.^551 

288 3 

6 

■ 4 

336 

169 

4 : 

8 442 

228 3 

4 

30l 

.530 

27R.7 

4 

,52. 

.552 

288 9 

?g 

10 

' 4 

340 

171 t 

4 

10 470 

243 3 

4 

32; 

.532 

277 8 

4 

.54 

.554 

290 

' 4 

348 

175 5 

4 

12 4821 

2.50 

4 

34 

.535 

279 4 

4 

56 

555 

290 5 

12 

: 4 

356 

180 

4 

14 490 

254 4 

4 

30 

.538 

1 2KI 1 

4 

.58' 

55t:» 

291 1 

14 

1 4' 

362 

183 3 

4 

16 498 

258 9 

4 

38 

540 

282 2 

4 

60 

557; 

291.7 

M6 

4 

367 

186 1 

4 

18 505 

262 8 ; 

4 

40 

542 

283 3 

4 

62 

557 

291.7 

18 

1 4; 

372 

188 0 

4 

20 .512; 

266 7 ! 

4 

42 

.544 

284 4 

4 

64 

5571 

291 7 

20 

4 

378 

102.2 

4 

22.517 

200 4 

4 

44 5461 

285 5 

4 

66 

557 

291.7 

22 

4 

.380 

193 3 

4 

24 519 

270 5 

4 

46 5481 

286 7 

4 

68 

6.57 

291 7 

24 

4 

382 

195 

4 

20 523 

272 8 

4 

48 550 ; 

287 8 

4 

70 

558 

1 

292.2 


' Common solder ’ Fnie colder 3 Pewter 


Solutions of metals In metals, —Mercury^ at ordinary tem¬ 
peratures, will dissolve lead, tin, zinc, and other metals in 
almost unlimited quantities, forming amalgams. Among the 
other metals, as of special importance, may be mentioned silver 
and gold. The most important metallurgical process of their 
extraction from the ores is based on this very property oi 

























METALLIC ALLOYS. 


207 


mercury to dissolve, with facility and instantaneously on com¬ 
ing in contact therewith these precious metals Some metals 
seem to be insoluble in mercury, like iron, and some, like copper, 
only slightly soluble. The fact that copper plates are subject 
to amalgamation by mercury is proof that a small amount 
o! copper is dissolved at their surfaces; but since the amal¬ 
gamation does not penetrate deeper in the mass of the copper, 
the indications are that the amalgam of coppef so formed 
while holding unalloyed mercury by the force of adhesion con¬ 
stitutes an impenetrable skin for the overlaid and adjacent coat 
of mercury, destined to abstract the silver or gold from the 
kernels of crushed gold-l)€ariiig quartz passing in a stream of 
water over it. 

A number of metals when in a molten or liquid state have the 
property of dissolving other metals in various proportion. Lead 
will dissolve gold, silver, antimony, tin, zinc, and other metals, 
in relatively great quantities, while cop|)er, iron, and similar 
metals seem to be only sparingly soluble in it The innumerable 
alloys, which can be formed with copper, zinc, and tin, seem 
to indicate that these metals are soluble in each other in con¬ 
siderable proportions. 

While iron is hardly soluble in any metal, the fact that the 
surface of the sheet iron can be supplied with an adhesive coat¬ 
ing of tin or zinc, shows that some of the iron must combine 
with these metals and form coatings of alloys probably of 
definite at©mic proportions, to which a small quantity of the 
pure molten metal will adhere forming the real coat of tinned 
or galvanized iron. 

There is a probability that metals dissolved in this manner in 
each other form combinations of definite atomic proportion. 


Analysis of Metals. 


• Impurities 

Lake 

Superior 

Copper 

j Panca Titi 

Ingot 

Queensland 

Tin 

Specific Rfavitv... 

B 487 

7 293 


rua”” 

00 42 

0 013 
0.014 

0 537 

0 n4i 

90.978 

0 035 • 

99.794 

0 035 

0 165 

0 006 

Silver.'. 

Suboxid of copper. 

Carbon. 

Le^. 

Manganese. 
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45a. TENACITY OF VARIOUS METALS AND ALLOYS. 

MAINLY I’ROM U. S. BOARD ON TESTS. 


Tenacity 

4 

Pounds per 
Square Inch 

Ic 

K 0 
(9 

1 

3 e 

fu 

Kilogrammes per 
Sq. Centimetre 

Maximum 

B 

s 

B 

a 

Average 

B 

9 

a 

5 

z 

Minimum 

1 

V 

> 

< 

(Copper, cast. 

29800 

15000 

24000 

7 5 

49 1 

2080 

1050 

1680 

Copj>er, forged - . . 

4OU0U 

25000 

:{200U 

. 


2800 

1750 

2310 

“ sheet, and bolts 



3.JOOO 





2450 










“ witiiO.Ol.jpiios. 

. . . 


3.S000 





2960 

“ " 0.02 

. 







3150 

“ “ 0.04 “ 



-iOOOO 





3500 

Tin, OR-st . 

400(1 

2001 


42 

47 

280 

140 

210 

Zinc, cast . 

iiOOC 

.5(KH 

.Vitx; 

0 4b. 


420 

050 

386 

Lead. 

24UC 

1G(K 




108 

112 

140 

Alaminiuin. 

28(KK 

l.'HKH) 

2150( 


50 

1960 

1050 

1500 


Cupper^ Zlue, Tin Alloy's uf Ureutejiil Tenacity. 


No. 

Con 

1 

0 

Zinc j % 

ion 

fl 

H 

Tenac¬ 

ity. 

lier.Sq. 
I nch 
Aver¬ 
age. 

Tortion 

Breaichig 

Angle, 

2 8am- 
pies,I>eg. 

No. 


Zinc 1 

inn 

c 

Tenac- 

& 

iHjrSq. 

inch 

Aver¬ 

age 

2 Bion- 
ples 

Tortion 

Break¬ 

ing 

Angle, 

2 Sam¬ 
ples, 
Deg. 

I 

5 !) 

43 

2 

74.800 

40-43 

13 

65 

4.5 

0 

61,000 

62-65 

2 

54 

44 

2 

.■lO.OOO 

5-40 

14 

52 

46 

2 

51.10(1 

5-7 

3 

54 

4.3 

3 

70,800 

14-10 

1.3 

62 

43 

,5 

62.60C 

4-6 

4 

5.5 

42 

3 

73,900 

20-30 

16 

55 

40 

5 

7I.80C 

4-7 

.5 

50 

42 

2 

75,400 

,55-46 

17 

58 

40 

2 

68.300 

64-43 

6 

50 

43 

1 

63,700 

Kl-42 

IK 

54 

4.5 

1 

72.20C 

43-54 

7 

55 

44 

I 

75.8(W 

54-,W 

19 

53 

44 

3 

64.20C 

8-5 

8 

53 

45 

2 

50.8(M1 

9-6 

2 *) 

,54 

42 

4 

73,20t 

6-7 

9 

.53 

43 

4 

68,000 

6-.5 

2 J 

56 

41 

3 

75,IOC 

38-8 

H) 

55 

41 

4 

75.300 

5-9 

22 

.57 

42 

1 

73,40C 

66-76 

11 

57 

41 

2 

69,100 

40-35 

23 

,58 

41 

J 

.54,00C 

63-128 

12 

57 

43 

0 

61,400 

95-1.31 

24 

55 

44.5 

0.5 

68,900 



Of 23 different alloys selected from a great number of cop¬ 
per, zinc, tin alloys, on account of theit superior strength and 
toughness, and having compositions between 

Copper max. 58, min. 52 

Zinc' “ 46, “ 40 

Tin “ 5, “ 0 

two samples of each having been tested. 














Alloyed Metal? of Maximum Tenarity 
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A ductile alloy of highest tenacity, 85,770 lbs. per sq. inch, 
0080 klgtn. per aq cm., was obtained from copper 57, zinc 42, 
tin 1; a tough metal of the highest average tenacity, 75,826 lbs. 
per aq. inch, 5330 klgm. per s<). cm , of two samples of the 
aame compo.sition, was obtained from copper 55, zinc 44, tin 1; 
the lowe.at tenacity, 45,038 lbs. per s<]. inch, 3100 klgm. per 
sq.cm from cop[)er .58, zinc 41, tin 1; was very ductile. A 
brittle alloy of lowest average temmity, 51,139 lbs. per aq. inch, 
3.595 klgm per eq. cm , of two samples of the same composition, 
was obtained from copper 52, zinc 40, tin 2. The alloys of high¬ 
est ductility were 

Copper 57, Zinc 43, Tin 0; 

Copper 58, “ 41, “ 1 

Alloys highest in tenacity and ductility combined considered 
aa the best metals: 

Copper 55, Zinc 44, Tin 1; 

Copper 57, “ 42, “ 1. 

In order to prevent oxidation in melting these alIoy,a, phos¬ 
phorus was added in the shape of phosphor-tin, which is com¬ 
mercially produced containing in 100 parts, 95 tin and 5 phos¬ 
phorus. 

Liquation. 

Liquation or the separation of melted alloys into two or 
more separate compositions while cooling, should be avoided. 

Rronzes or copper tin alloys, when cooled quickly,' as is 
the case w'hen cast in chill molds, are less subject to liquation 
than when cooled slowly or when cast in sand molds. 

It is generally considered that quick cooling prevents to a 
great extent liquation in any alloy. 

45b. SPECIAL ALLOYS AND COMPOSITIONS. 

Platlnum-Irldlum.—By composition, 98 5 platinum; 12.6 
iridium; by analysis, 90 platinum; 10 iridium. 

Spence's “Metal.”—Discovered by Spence in 1879. It is 
a solution Of metallic sulphids in molten sulphur, and is, there¬ 
fore. not a metal. Specific gravity 3.37 to 3 7. Melting-point 
320° F.—160° C; expands on cooling. 

. Bees —In laboratory for joints between caoutchouc tmd 
glasa Solder for gas-pipes. For joints in place of lead. For 
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Dissolve in 

1 Pint of 
Water 

Dr, 

• • • iQUJlQ • 

ION • N -N •OOO •'tOOCO 

Oz. 

— -4 . <}1 . . 

Color 

Brown 

Black 

j Darkbrown- 
> ish-drab 

1 Bright-red 

1 Red to 
< black 

Dark gray 

Dark gray 
Green-gray 

Copper color 

Copper color 

R<‘d 

Purple 

15 to 18 for Copper 

19 to 26 for Zinc 


Nitrate of iron. . . 
Pota}>sic sulphocyanid. 
Copper sulphate. . . - 
Sodic hyposulphite. .. . 
Hydrochloric acid. . . . 
Pearl-ash. ... 

Sulphid of antimony .. 

Pearbash. 

Sulphur 

Protochlorid of tin. . . . 
Potas^ic sulphocyanid. 
Muriate of lead. 

Copper sulphate. . . . 

Iron muriate. .. ■ 

Iron muriate. 

Pearl-ash. 

Cooper «ulphate. . . . 
Sodic hyposulphite. . . 
Copper sulphate. . . . 
Garancine, boiling inf 
sion 

Logwood, boiling iiil 
sion. 

Refer¬ 

ence 

Number 

•Q «D h. CO » PO NW «D 

w ^ CJN CNN N N N 

Dissolve in 

1 Pint of 
Water 

Q 

6 

iOioo<o.-f<o • •eo.H*# •© .hfhiono cn • 

.-•-4 ^ . N • 



Color 


(Brown to 
t Black 
( Red to 
' Brown 

1 Red-hrown 

1 Brown-red 

1 Brown-red 

1 Dark-brown 
} Yellow to 

1 red 

Orange 

Olive-green 

Slate 

Blue 

Gray 

Black 

• 

For Brass by Immersion 
and Brushing 

Nitrate of iron. 

Perchlond of iron. 

Nitrate of iron. 

Hyposukihite of soda. .. 

Nitric acid. 

Hyposulphite of soda. . . . 

Oxalic acid.v.. 

Nitrate of copper. . . .... 

Nitric acid. 

Ferricyanid of potassium. 
Nitric acid. ... 
Ferrocyanid of potassium 

Pearl-as b. 

Persulphid of arsenic. ... 
Sulphur and potash. . . . 

Perrauriate of iron. 

Perchlorid of i on. . . 
Potassic sulphocyanid. . . 
Hyposulphite of soda . . 

Muriate of arsenic. 

Permuriate of iron. 

Muriate of arsenic. 

Chlorid of platinum. 

is 


’- 

^ N <0 "C »0 <0 N « 


No. 4 boiled and cooled; No. 5 one hour for results; No. 12 heat to 82® 
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clear castingB of perfect impressions Insoluble in water 
resists the action of most acids and alkalies 
SlHcon-Brooze. —(1) Reduce silica in the crucible by means 
of sodium. Add melted copper or bronze 

(2) Mix and heat in a plumbago crucible: Fluosilicate of 
potash, 4o0 grams; glass in powder, OtK) grammes; chlorid 
of sodium (table salt). 250 grammes; carbonate of soda, 75 
grammes; carbonate of lime, 00 grammes; chlorid of calcium 
(dry), 50() grammes When they begin to react on each other, 
put in the copper or bronze bath. Kecommended as superior 
for telegraph lines. 

LACQUERS FOR ALLOYS. 

Sbcliac Tarnish* 


a 

CO 

o 

ja 

o 

g 

Red 

Yellow 

Color Modification 

Dragon’s 

Biood 

0 

o 

c 

a 

< 

Saunders 

Turmeric 

Gamboge 

c 

o 

tt: 

el 

CO 

Cape Aloes 

o 

« 

1- 

V 

T5 

Q 

e« 

CO 

oz. 

pt. 

dr. 

dr. 

dr.- 

dr. 

dr 

dr. 

dr. 

dr. 


4 


— 

•— 

— 


— 

— 

— 

— 


1 

1 

— 

— 

— 


— 


— 

— 


1 

1 

— 

— 

— 

— 

1 

— 

3 

— 

Pale 

1 

1 

— 

— 

— 

1 

1 

2 

— 

— 


1 

2 


1 

— 


16 

4 

— 

8 

Plate^gold 

2 

2 

1 

8 

— 

32 


— 

— 

8 

2 

1 

— 

— 

— 


2 


4 

— 

Pale yellow 

1 

1 

— 

1 

— 

4 

— 

— 

— 

— 

Full yellow 

3 

1 

— 

2 

— 

16 

— 

2 

— 

— 

Gold 

3 

1 

4 

— 

— 

16 

— 

— 

— 

— 

Deep gold 

1 

1 

8 

32 

— 

_ 

— 

— 

— 

— 

Red 

1 

1 

_ 

_ 

_ 

20 

_ 

_ 

2 

5 

Cold 

3 

1 

4 

— 

— 

1 

— 

—. 

— 

— 

Deep gold 

1 

1 

8 

32 

_ 

_ 

— 

__ 

— 

— 

Red 

1 

1 

““ 

— 

— 

4 



~ 


Green-bronw 


Tarnish. 


Shellac 

Alcohol 

Red 


Yellow 


A, m. Pyroacetip-ether 

B, 02 ,, Spirits of Tur* 
pentine Vftrnish 

C, dr., Spirits of Tur¬ 
pentine 

D, mastip 

E, dr., Canada Balaam 


0 

■ 0 
: a 

i o 
< 

Saunders 

Turmeric 

V 

w 

c 

Xi 

e 

O 

■ s J 

■ ts 
« 
n 

§ 

0. 

-c 1 

c 

« 

■ w 



dr. 

dr. 

j dr. ' 

dr. ! 

dr ! 

dr. 

dr. 


5 

■n 

— 




— 

— 

— 

30 A, pale yellow 

3 ' 


_ 1 


1 A. 

64 

6 

_ 

14 

r> B, gold 

-3 

■■ 

ESI 

— 

1 12 

10 

— 

_ 

— 

30 ('. deep gold 

1 


i 8 ' 

24 

, — 

— 

— 

_ 

— 

1 B, red 

15 

6 1 


— 

1 

60 


10 

r 

30 D, 30 E, tin 
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46. HYDRAULIC DATA. 

Gravity. 

The speed attained after one second of time by a body falling 
freely in vacuum is the acceleration <lue to gnuity, utjd is 
in all books treating on tlic subject designjitod by the letter g 
This acceleration, g, expressed in feet or in metre ]*n‘second, 
is largest at the j)oIes ol the earth and smallest at the ecjuator, 
and it diminishes as the elevation ol a place aljove sca-le\el 
increases. 

The highest value for tlie rnited States at the w^a-lm el of 
the northern limit tluTeol, about latitude -19° is g -32.181) 
feet=9 8I03 metres; at latitude 25°, 10,000 ft above sea. 
level g= 32.089 ft 

Formula for Cuiculuttng the Value of g for any Latitude and 
Altitude, by Fierce, 

If 1= latitude in degrees, etc , e--altitude in feet above sea- 
level, then 

g=32.089^{l + 52375X 10-^Xsin=I) (19r>7X 10-'“Xe) feet. 

A mean value in the Tnitcd SUitcs may be taken as g—32.16 
ft = 9 8024 metres 

At the poles of the earth 32.2.58 ft =9 S322G metres. 

Atmospheric Pressure. —'I’his jwssuro is usually meas¬ 
ured by' the length of a )>aromptric column ol mercurj', the 
mean of which at 0° (’ —32° 1*' is considered to be 760 milli- 
metre=29 922 inches 

This is equiNulcnt to a pressure of 1 0333 kilogjamines per 
square eentimet?*c, or 14 7 pounds jx'r s([uarc inch siirluoe. 

The pressure per s<nuin> inch of a column of wafer 1 foot 
high is* 0.434 pounds, and t.lic hciglit of a column of water 
of 1 pound pressnie p('i wjuarc inch is«2 304 feet 

The height of a column ol wateror the head of water equiva¬ 
lent to atmospheric pics!=^ue or to a ]>rcssure of 14.7 pounds 
per eq. inch i{’==33 8(i8 feet — 10 323 metre. 

The weight of 1 cubic foot of ordinary river and spring- 
water at meah temperature is approxim*itely=()2.r) pounds. 

Distilled water at maximum density, or 3 94° C =39.1° F., 
weighs 62.426 pounds, and at ita boiling-point under mean 
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atmospheric pressure, or at 100° 0. — 2\2° F, it weighs 59.84 
pounds per culiic foot. 

Jce per cubic foot weighs 57.2 to 57.5 pounds. 


46a. FALLl NO BODIES. 


Rointlons of Velocity, Space and Time.—If ?»= velocity of 
a fallii'g body at the end of f=timc in seconds during which 
the body falls, and /t= height or space through winch the fall 
takes place, tlion 


__ iy8 

v=gt or v=\'2tjh and 


velocity and height being expressed in the same units as g. 

These law's arc applicable to a falling body which meets 
with no resistance Such conditions, ho\vc\er, are only arti¬ 
ficially obtainable, as in aclual or usual exi)erimcnts of this 
kind when a solid Iwdy falls through air it will encounter the 
frictional resistance of the same; when ilie falling body is a 
iiipiid it \YiU gradually })c subdivided into smaller particles 
by the action of this resistance, and the relations of velocity, 
space, and time will be greatly modified in such cases 

When w’at-ei- from a great volume, such as may be contained 
in a tank, in a pond, or in a stream, issues through an orifice 
at a point lower than the level of the upper surface of the 
W'atcr, and under the supposition that no resistance is taking 
place, the jet so formed would have the velocity: v=V2gk, 
and the quantity q in cubic units of water flowing out of the 
area a in square units of the orifice would be: 

q=av—a‘>/2gh 


h=tothe height from the centre of the orifice to the top sur¬ 
face of the body of water, and all quantities being expressed 
in the same units as g. " ' . 

It has been found, how'cvor, by experiment, that this quantity 
q is subject to great variations under different circumstances, 
and that the actual quantity a must he determined for each 
specific case by multiplying q wi^u coefficient r, so that the 
actual quantity wdlPbe q,—(aV2yh 

For an orifice in a thin wall as in slieet metal or through 
the sharp beveled edge of the thick wall of a tank, the beveJ 
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being on the outside, an average value of the coefficient r will 
be about 0 62, so that 

gi = 0.r>2aV2f//i. 

Diacharge tiirough tul)C8 may vary considerably, changing 
with shape and relative length of tlic tubes 


Coefficients of Discharge Through Orifices In Thin Walls uod 
Through Tubes, * * 


Shape of 
Orifice 

Diameter or 
Depth, 
Inches 

If 

“s., 

a.”* 

X'^“‘ 

'o 5, 
«tE^' 

Tu1)C8 

Head of 

Water • 

Coefficient C j 

Circular. .. 

1 0.25 

— 

0 4 

0 65 

3 fiiarHcters. Ioiir, 



“ 

'12 

- 

100 

0 59 

iiisulc Curlier.'-, 



Square.. 

{} 25 

1 0 25 

0 fi 

0 GO 

.'imal! 

low 

0 83 

0.25 

1 0 25 

KKl 

0.599 

large 

high 

0 80 

“ ... 

12 

! 12 

0 8 

0 597 

Inward projecting 

3 

lO 72 

“ ... 

12 

12 

3 

0 603 

tufip 

1 

0 82 

“ ... 

12 

12 

100 

0 598 

Houndeii inner cor- 



Keotangular 

1 5 

?<XQ.125 

0 4 

0 634 

nel^: nuf.'.nie (’i)tii- 



1 5 

»X0.I25 

10 

0 606 

rally enlaigeU 


2 43 

“ 

12 

7i 

0 8 

0 f>(W< 




“ 

12 

n 

20 

0 W)1 

Nozzle^ of hpMi con- 


0 97 






.*!lnicliini 




The Miners* Inch.— What may l>e called the standard miners' 
inch is the quantity of water which wdll How in a given time 
fmm a vertical sfandani orifice, 1 inch s<]uare. in a thin wall 
with a head of water above the centre of tlie orifice of (> .'> inches 
This quantity is about 1 cubic feet per minute This quantify, 
however, varies in different localities and ranges in (alifornia 
between 1.2 and 1.7G cubic feet of w'ater per minute. 

Table of Customary Miners* Inches. 


• 

Locality 

1 Size of Orifice 

Ileail of Wafer ; 
above Orifice j 

1 . 

Number 

of 

Miners* 

IncheB 

Ijength, 

Inches 

Height,! 

Inches 

1 

in ! 

I'rora 1 
Centre, 
Indies , 

From 1 

Lower 

Kdgp. 

Indies 

[Water in 
ll minute, 
('n. Ft 

Standard . 

I 

1 1 

6 5 

* — 

1 5 j 

1 

SmartBville, (^1. 

250 

4 j 

— 

11 


1000 

Columbia, Cal. . 

: I2J 

12 




200 

Montana. 

1 ^ 


1 ' ^ 

I 

j 1 25n 

n 
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Vertical Jets from Smooth Conical Nozzles. 


Pressure in 
Pounds per 
Square Inch 

Height <)f Jef m FeeJ for lhamefers in 
Inches of Onftce «i lUir.zle 

!'• 

ir 

U' 


Feet 

J''eet 


lo 

22 

2:1 

22 

60 

94 

99 

97 

100 

148 

1G4 

157 


Discharge of Water Through Long Pipes* 

Lampe's Formula. 

If d= diameter of inside bore of ]n|)e in feet; 

I— length of pipe in feet; 

A=ellective net height, or head, of water in feet. 
^=maxi!mmi quantity of discharge of water in cubic 
feet per second; 

v=*velocity of flow in feet per swond, then: 

0.604 /U 0.555 
v=ll.lxd X (~j 


0.371 

d=0.217X9 X 




2.094 

5=01 Xd X 


h\ 0.055 
1 } 


46b. STREAMS AND WEIRS. 

Flow of Water over Weirs, 

If height in feet of level of still-water over lower sharp 
horizontal edge of weir; 

6= breadth in feet between sliarp vertical edge.s of weir; 

5 = quantity of water in cubic feet discliarged per second; 
c== coefficient of contraction or of discharge, then: 

q=cX W^XhX AS = cX|MX V:^.. 

The number O.G44 may i)e taken as an average value for c, 
in which case the formula becomes: 
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q^QAZ\/2gXbXhl or 
9=0.436V^» ^O.mhy/Wt 

Assuming y«32 feet, which is close enough for all practical 
purposes, then the formula bccojnes: 

q= 0AZbkV^i= ZA4hhVh 

» • 

Value of Cncfflcicnl C under Various Dimensions of Breadth, 
/>, and IleiKht, h, «>f Weir. 


Hcielit of Levc 
of Still Water 
over Lower Edge 
of Weir 
h in Kcet 

llreaflth of Weir 
b m Feet 

Coefficient C 

0.1 

0 Off to 19 

0 (kJ- toO.G50 

0.1 

1 

0 G39 

0.1 

10 

0.055 

0.7 

1 

0 590 

l.G 

10 

0.()00 


Flow of Water In Natural Streams and In Ditches and Canals 
(Matter itH)ve«l by flow of water at different .sj)ee<Is). 


Speed in 
Feet |>er 
Second 

Material M«»ve«l by 
Fli>w of Wafpi 

Sl)eed in ! 
Feet |Jer 
Second 

Material Moved by 
Flow of Water 

0.25 

Fine Clay 

3 ' 

Pebbles of about 1 inch 

0.5 

Loam and earth 

4 

Spalls and stones 

1 

Hand 

0 

Largo stones 

2 

Cl ravel 



If V » measured velocity in feet per second of u stream of water; 
a«area of croas-scction in fM|uarc feet; 

50 = quantity of water in ctibic feet flowing per second, then: 

• q—av, 

and if. u)=weight in pounds of the water flowing per second, 
62.5 X 9 = 62. # X av. 

Designating by foot-pounds of work per second and by 
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head or height of fall in feet of the water above the 
level of the tail-race, then 

Fp~ iw/t=fi2.5X 9’i — r)2..'iX fihv 

and as a horse-power is c<|iiul 1^ 33,000 pounds moved 1 foot 
high in 1 minute or pounds lifted one foot in 1 

second of time, wc find, 

llofse-power, If.? JSGX^XA 

The best constructed hydraulic motor, however, does not 
transmit moi’e iJian t) 90 of tliis jKiwer, and Home may have 
an efficiency as low as 0.23 of the uhovo theoretical power. 

46c. Hydraulic Motors. 

1. Water-wheplfi, which are distinguished as: 

Overshot wheels in w’liich the water-power is applied on top 
of the wheel 

Breast Wheels, where the power is applied at or near the 
central part of tlic wheel, and 

Undershot Wheels, where the power is applied at or near the 
under aide of tlie w’heel. 

2 Turbines are generally horizontal wheels, but not necessarily 
so, they arc distinguished in; 

Outward-dow Turbines, in which the water is admitted 
through a eentral conduit or flume and performs its work while 
flowing towards the circumference of the wheel. 

Inward-flow Turbines, where the stream of water is applied 
at tlie circumference and p»*rforms its work while flowing towards 
the centre, where it is discharged 

Downward-flow Turbines, where the water is admitted at 
the rim of the horizontal wheel and performs its work while 
flowing downward, 

3 Reaction Wheels; the W'ater is admitted at the central 
part and performs its w'ork by flowing .outward through gen¬ 
erally two hollow bent tubular buckets. 

4 Impulse Wheels; water of considerable pressure is con¬ 
ducted to the wheel by a pipe, and performs its work by flow¬ 
ing ..out of a nozzle and impinging on the floats or buckets of 
the wheel. 
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5. Piston Motors} water enters a cylinder and moves a pis- 
ion, which is connected to a crank and a fly-wheel. 


47. WATER PURIFICATION. 

Impurities in Water and its Purification. 

ITnits of Impuritivs and Definitions. • • 

Hardness.—^'I'his term de.signat.es tlie property of water, 
3ontaining calcium, magnesium, and other suits in solution, 
to annul the effect of a certain amount of soap used w ith such 
water. 

If soap in a general way is considered as a sodium stearate 
with the formula; 

NaO,H3,(), 

This compound, soluble in |>urc water, will lie transformed 
into insoluble eompouiids l.y impurities in tlie following manner, 
when the impurities consist in carbonate or sulphate of lime: 

CaCO,,+ 2.NaC„H:.,< ),= (^a(C,,14,0.,),+ Na„00,, ' 
or CaSO, + 2NaC„I40,= Cn(C„l Ijij, + Na^SO. 

Temporary Hardness.—It is supposed that free carbonic acid 
in water converts in,soIub]e calcium and magnesium carbonates 
into soluble biearbonates. boiling drives the free carbonic 
acid out, and the insoluble earlmnates arc precipitated. 

Permanent Hardness.—Tilts is produced by calcium, mag¬ 
nesium, or other salts not carbonates dissolved in water Cal¬ 
cium sulphate (gypsum) and magnesium cblorid may be pre¬ 
cipitated by heating the water under pressure to about ISO' C. 
= 300° F., nearly. 

Determination of Hardness In Water.—The hardness of water 
is expressed in degrees as follows: 

Degree Clark, or Degree Wanklln means one grain of car¬ 
bonate of lime in one gallon, or in 70,000 grains of pure water. 

Degree Frankland is one gramme of carbonate of lime in 
100 litres bf water at 4° C = 39° F , pr one grain or part of 
carbonate of lime in 100,000 grains or parts of pure water 

One part of calcium carbonate contained in one minion 
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parts of water is e<jinvalont to ono milligranmie of carbonate 
of lime, ('aCOg, in one kilognmnnc (one litre) of pure water, and 
is equal to 0.1 degree Fniiiklund 

1 degree Fninkland = 0 7 degree <-lark; 

1 degree ('lark =» 1 .43 degree Frankland, 


47a. SUBSTANCES IN SOI.UTION IN WATER. 

f ,, 

Water of rivers an<l streams contains, besides suspended 
>cgctablc and inincnd matter, various mineral substances in 
.solution, generally in small quantities only Spring and well 
water contains such soluble substances genu^^dlIy in greater 
variety and in hu^cr quantities. 

Tlic finely divided earthy, silicious, aluminous, and vegetable 
njatter susjxuided in running water can be removed liy filter¬ 
ing, scptirated by settling and precipitated with part of the 
solul)lc matter by boiling 

('hcmically pure water <um only l)t> obtained by careful 
distillation 

Rain water, which is next to it in purity contains various 
ga-ses^in solution. At ordinary IciiqxTaturc and normal atmo¬ 
spheric pressure, 1 volume of rain water can dissolve 1 vol. 
of oarboiiie acid. 

Solubility of Some C»a.ses In Pure Water.—At 00° F= 15.55° C. 
and normal atmospheric pressure: 


100 volumes of water dissolve 100 volumes carlonic'acid. 

“ “ “ 2.4 “ “ oxid. 

w «* l_g air 

“ “ “ 2.0 “ oxygen. 

(( *< <1 <• j 9 «( hydrogen, 

" 1.5 “ nitrogen. 

At 0° 0 1 ^'olumc of water dis-solvcs 1148 volumes ammonia. 


The substances more generally found in natural waters are: 

1 Carbonate of Lime, commonly kpown as chalk, limestone, 
marble, and expressed by the chemical formula CaCOj, dis¬ 
solves only sparingly 3 or 4 parts iti 100,000 parts of puro'W'ater, 
and. becomes nearly totally insoluble at a teinjterature of about 
JM°C=300°F 

If the water contains free carbonic acid in solution, then 
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2. Bicarbonate of Lime iB formed, 0a02(C0 j), which is dissolved 
in considerable (juantiticB. At 77° C = 170° V one half of the 
carbonic acid is expelled, and the carbonate of lime is pre¬ 
cipitated. 

3 Sulphate (»f Lime or fiypstim,—CaSO^. Its solubility is 
dependent on the temperature and on tlie presence of other 
soluble matter, especially sodium chlorid or common salt in 
the water as follows: 


Tcnipcrature 

Solubility 

j Soilium-ehlorid Solution at 

05® K. = IS® C. 

3>cg. F 

Defi. (’. 

drains 

(Iraiiimcs'l 

Sjierific' 

(IraiiiH 

(Irammes 

I>er (ialltHi 

l»cr Litrt* ' 

(irnvity ; 

per dfillon 

jier Litre 

32 ! 

0 

M3 

2 04 

l 014 

301 

4.3 

i 

20 

ms 

2 4 

1.034 

423 1 

0.04 

95 i 

35 

178 

2 51 , 

1 113 

301 ' 

4.3 

212 i 

100 

152 

- 2 17 ! 




300 ! 

149 

0 

0 





When water bolding sulphate of lime itj solution is brought 
in contact with vegetable matter, tlie sulphate is reduced 
gradually to calcium sulphid, and hydrogen suiphid gas is 
liberated 

A Chlorid of Calcium, (‘aCi. — It is very soluble and its 
soIul)ility increases with the temperature: One pound of pure 
water at ordinary temperature dissolves about four pounds of 
calcium chlorid 

5. Nitrate of Lime, Ca\0„, rarely occurs and its presence is 
only of importance when the water contains sulphate of soda 
or magnesia, in wliich case sulphate of lime will be formed 
and precipitated. It is a very soluble substance. 

6 Carbonate of Masne^la, Mg(’0.,, known as magnesite in 
mineralogy, is sparingly soluble in water about 3 to 4 parts 
in 100,000 of pure water. Is precipitated by heating to about 
150° 0=300° F, nearly. 

7 Sulphate of Magnesia, MgSCb, known as epsom salt, is 
very soluble Three founds can l)e dissolved in 10 pounds of 
pure cold water, the solubility increasing with rise in tem¬ 
perature. 

8, Chlorid of Magnesium, Mg(’4.—^s very soluble; 3 pounds 
dissolve in 1 pound of pure cold water At high temperature, 
if in contact with iron, decon^poses and corrodes the iron. 
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9 Carhunate of Iron, FeCO^—In water holding carbonic acid 
in solution it is transformed into bicarbonate, which is dis¬ 
solved. By exposure to air the carbonic acid is replaced by 
oxygen and the iron precipitated as hydrated oxid, which is 
insoluble in water, 

10 sniclc Acid, Slhca, SiOj—This substance is deposited 
by water of hot springs, in which it is present in solution as 
hydrated silica, sometimes in very considerable quantity. 

It is onl/r*rely met with in cold water which will not dissolve 
more than 0 3 to 0 1 parts in 100,000 parts or \ grain per gal¬ 
lon. It is generally in combination with alumina. 

11 Chlorld of Sodium, NoCl (Kitchen Salt),— 

100 parts water at 55 4® F , 13*^ 0. dissolve 35.8 parts; 

“ " '* 228'’F. 109° C 40.4 “ 

Its solubility seems to increase slightly and gradually w’ith 
an increase of tenifxjrature Considerable quantities of this 
salt are dissolved in sea-water and in salt lakes. 


Composition of Sea-Water and of Boiler Incrustations, or 
Scale from It, 


(V. B. Lewes ) 



1 Sea-water j 

Scale 

Per Cent 

Grains 
per Gallon j 

Gramme.^ 
per Litre 

Chlorid of flotHum. 

1 1850.0 1 

20.430 

2.79 

Chlorid of magnesium... 


3.15 


Hydrate of magnesia. 

— 

— 

3.39 

Sulphats of magnesia. 

124.8 

1.783 


Carbonate of magnesia. 

trace 

— 


Carbonate of Hme. 

3.0 

0.55 


Sulphate of lime... 

93.1 : 

1.3.3 ; 

85 53 

Silica. 

8.4 

0.12 

1.1 

Oxid of iron. 


_ 









too 


47b. VOLITMETRIC TESTING FOR HARDNE^ PF 
WATER. 

« 

Water which contains in solution variouB proportions of 
the carbonates, sulphates, or chlorids mentioned, has the 
















WATER PURinCATION. 


223 


property to convert soluble Boap into an insoluble compound, 
an earthy soap, forming generally a scum or curd without 
producing lather 

When testing water for hardness with soap solution, if it 
is desired to express such hardness in degrees ('lark nr Wanklin 
70c.c are taken, because 70 cc contain as many niilligramines 
as a gallon contains grains, 70,(KX) 

If it is desired to express the hardness in degree Frankland, 
then 100 c.c. is taken as the volume of water to tested. 

Standard or Normal Test Solutions,— All solutions arc 
standardized from a saturated lime solution, prepared as follows: 

Saturated LInic water.—Slake with distilled water 2 ounces, 
or about 57 grammes, of quicklime, let cool, then mix w’itli 
1 quart, or about 1 litre, of distilled water in a large bottle, 
shake well several times, let settle in well-stopixirecl bottle, 
then filter the clear Ii{}uid through ckian filter-paper; use the 
liquid freshly made at a temperature of (10° 1'’. = 15 55° C. 

Soap Solution. —In a mixture of 1 litre, or about 2 pints, 
methylated spirit and J litre, or about 1 pint, distilled water dis¬ 
solve 10 grammes, or less than ^ ounce, of fine cut caslilc or 
mottled soap. Keep coo! and let st^ind for a few liours, shak¬ 
ing at intervals; then filter and keep in stoppered bottle. 

N 

One-flftlcth Xormal Sulphuric Arid Solution« — 

1 gramme strongest concentrated sulphuric acid, 1020 grammes 
distilled water 

Pour the acid in the water and keep the solution in a glass 
bottle and not in a stoneware jar 

Indicator Solutions.—For coloring lime water purple pink, 
dissolve 1 gramme-15 grains phenolphthalein in 0.5 litres 1 
-pint of methylated spirit , 

For coloring lemon-yellow, dissolve 0 5 gramme® 7 grains 
of methyl-orange in 0 5 litre® 1 pint of distilled water. The 
change of color from lemon-yellow into orange or pink can 
only be well distinguished in daylight 

Standardlting Solutloiis, —All fiolutions are standardized by 
a saturated solution of quicklime, the solubility of which varies 
with the temperature of the distilled water as follows: 
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Tempera¬ 

ture 

Quickhrae, CaO 

' Hydrated Lime, i 

Carbonate of Lime 

OeK- ] 

r)c(i ^ 
V 

: (.ItiuriH 

(.Iruimnc'- 

drains 

! 

Ctrumuich 

Crains 

Cramraes 

per 

IH'I 

|)CI 

(lalloit 

l»or 

1 {icr 

per 

(lallort 

Litic 

Litre 

1 Callon 

Litre 


0 i 

80 

1. H;i 

)(M> 

1 514 

142.85 

2.04 

on 

15 55 

70 

1 

02 K 

1 320 i 

125 

1.7857 

212 

100 

40 5 1 

0 58 

58 6 

0 7'»57 1 

1 

72.32 

1.033 


The saiurutod Umc solid ion for stanflardi;^ing should be 
freshly prepared and used al alsmt K Ih 55® C ,when it 
will contain 70 grains |k*i gallon or 1 grainnie of quicklime, 
CaO, per litre of whit ion 

'I'lic ono-fiftietli normal sulpliurh* acid solution is standard¬ 
ized by gradually adding tlic la. t iKjrtion of distilled water 
until 10 c.c neutralize exactly 5 0 c e of freshly prepared 
saturated lime solution, using as indicalur a drop of phe- 
nolphfhalein solution Tiic purple pink color of the indi¬ 
cator in the lime solution will instantly become colorless by 

,Y ... 

a trace of acidity. The stamlard sulphuric acid solution 

will neutralize 0 50 nuUigninmc of caustic lime for 1 c.c of 
acid used, which is eipiivalent to neutralizing 1 milligramme of 
carbonate of lime. 

Preparation of Water of Standard Hardness. —Neutralize 
with freshly prepar'd saturated lime solution 10 c.c. of stand¬ 
ard one-fiftieth normal sulphuric acid solution Add to an, 
equivalent (juantity of lime solution distilled water to make 
the volume 70 c.c for the production of water of ('lark’s 10° 
hardness, or bring the volume to 100 e c for water of Frank- 
land’s 10° hardness=--(%rk’s 7° 

Standardizing Soap Solufioii.—When one centimetre cube of 
standard snap solution is shaken up with water containing 
1 milligramme of carbonate of lime in solution, then tlie lather 
formed will not persist over five minutes If the father dis¬ 
appears in less than live minutes, then the soap solution should 
be made stronger; if the lather should persist more than five 
minutes, tlien tlie soap wdution 'sliould he diluted, wit-h the 
mixture of distilled water and methylic spirit. 

1 In standardizing^ soap solutions for determinations of 
hardness in ('lark degrec*.s, 70 c.c of water of 10 degrees Clark 
standard hardness should be used, and for. determination# in 
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Frankland degrees the 70 c.c. sliould be diluted with distilled 
water to 100 c c. To this quantity of wat<ir of standard hard¬ 
ness, in a bottle of at lejist double (*a|m’iiy, add gradually 10 
c.c ol the soap solution; shake briskly If the lather formed 
persists for five minutes and not longer, then tiic soap solu¬ 
tion is of standard strength. If latlier forms before all of 
the 10 ce of .soap solution have been mldcd, then the latter 
should gradually be diluted with the niixturc of, iiietliylic 
spirit and distilled wator If iiiorc than 10 ec should be 
required to form lather then the wiap solution should be 
strengthened. 

2 Standardizing soap solution independent of temperature 
of lime solution; Dissolve in ehcuiieally pure {e p ) hydrochloric 
acid, HCr, exactly 1 gramme of pure ealeium carbonate, ('aC’Oj 
neutralize with asliglit cx(^ess of iummmiurn liydrate, NllgllaO, 
and dilute to 1 litre with freslily dhstillcd water 

Place 10 ce of this solution in a glass-stoppercd bottle of 
about 250 cc cajiacity and dilute with distilled water to KM) 
cc capacity; add gradually the soap solution in small por¬ 
tions, shaking after ^5acl> addition, until a latlier forms which 
will persist five minutes. Note the number of c.c of soap 
solutions employed. 

Add in very small portions the same soap solution gradu¬ 
ally to 100 cc of jaire distilled water containing no calcium 
salt in solution. ^ Shake after each addition and note the num¬ 
ber of e e of soap solution necessary to form lather whicli 
will persist five minutes Deduct this number from the ntim- 
ber of c e of soap solution usetl with the calf'ium salt solu¬ 
tion, and tiie numher so obtjiincd divided in the 10 milligrammes 
of CafMlg will give the munlwr of milligrammes of carbonate of 
lime per c c of soap solution 

Sampling of Water. -Samples of water for testing sliould 
be put into absolutely clean glas.s ves.scis or bottles No 
earthenware, stoneware, or metal vessel should l>e used for this 
purpose. , 

Spring and well waters often contain sulistanccs which by ex¬ 
posure to the air are separated and produce turbidity or cloudi¬ 
ness. Huch -waters should be tested as (piickly as possible. 
The water may originally be quite clcNr, but will become 
turbid with iron oxid if it contains bicarbonate of iron, and 
in some cases may become nearly black. If the water con- 
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tains an excess of bicarbonate of lime and of free carbonic 
acid, by exposure to air it will gradually loose the excess of 
carbonic acid and a proportional amount of carbonate of lime 
or chalk will be precipitated. 

Water of rivers and streams having organic matter in sus¬ 
pension, may be decomposed after a few days, especially if 
sulpliatcs in sohition are present in the water Sulphates of 
linu*. ()f*ii;;agncsia, or of soda arc liable to l)e changed into 
carlionates by the organic matter, and into the very bad smell¬ 
ing gas, sulphid of hydrogen, which will be liberated. 

Testing Water with Soap Solution for Hardness. —Measure 
out from the sample of water to l)c tested, 70 c.c. for deter¬ 
mination in Clark degrees and 100 cc for Frankland degrees. 
Put this quantity in a clean glass Ixittle of from 2 to 3 times 
the capacity of the volume of water to be tested. From a 
divided burette containing the standardized soap solution 
add gradually a small portion of the latter to the measured 
sample of water; shake after each addition. When the bubbles 
which may form break up and disapi^ar quickly, an addition 
of a little soap solution is made, the shaking repeated, and 
the behavior of the bubbles observed. When finally the lather 
thus produced persists for four or five minutes without break¬ 
ing up, the test may be considered as ended. The number 
of c c. of soap solution used then indicate the degree of hard¬ 
ness in the water This number gives approximately the 
number of milligrammes of carbonate of lime or of its chemical 
equivalent of other soap-destroying substances in solution, 
producing hardness in water 

Special Observations.—When Hme only is present the reac¬ 
tion with the soap solution seems to take place instantly; but 
when magnesia accompanies the lime in about equal propor¬ 
tion, a profuse lather may form, which will, however, disappear 
in two or three minutes, and several c.c. of soap solution may 
be added until a persistent lather is formed. * 

Some experimenters have found ;that magnesia destroys 
more soap than lime. In the presence of uncertainty it is 
well to make several tests with the same water, and if the 
presence of magnesia is suspected to dilute a sample of water 
to be tested with distilled water, when it will be found when 
magnesia is present that the diluted water will show a higher 
degree of hardness than the undiluted water. 
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To determine the hardneas due to salts of magnesia, shake 
up 70 c c or 100 c c of the water to l-jc tested witli a little 
ammonium oxalate, and .after filtering oft the precipitated 
calcium oxalate treat the filtrate with soaj) solution 
Water containing vegetable matter has a tendency to froth, 
while water containing free carbonic acid will destroy a cer¬ 
tain portion ol soap. Freshly distilled water in quantity 
will freely lather with 1 e.c of soap solution, but will not do 
so after standing for a little while or after blowing In the bottle. 
It probably has absorlwd a minute quantity of carbonic acid 
from the air. For this reason distilled water should be freshly 
made or reboileri f(»r use in such determinations 
When the water to be tested .show.s over 20 milligrammes per 
litre in hardness, it is advisable to take only one half the quan¬ 
tity and make up the other half with distilled water. The 
nurnljcr expre.ssing the hardness in degrees so obtained must 
in this case l>e doubled 

47c. THE PURIFICATION OF NATURAL WATER. 

For Domestic and Industrial Use. 

Natural settlement and decantation is employed principally 
for river-water holding in suspension earthy and organic mat¬ 
ter. The eu.spei)ded impurities which cannot wholly be re¬ 
moved by settlement arc in many cases separated by filtration 
tlirough layers of sand or through specially constructed filters. 

Natural settlement and filtration may be assisted by processes 
for kiftening water, which will simultaneously remove in many 
cases the greatest part of the matter in solution. 

Glark*s or the Lime Process consists in adding to water con¬ 
taining bicarbonate of lime and bicarbonate of magnesia in 
solution, the proper proportion of caustic lime solution, con¬ 
verting the soluble bicarbonates into insoluble monocarbonates, 
which separate and settle in a comparatively short time when 
the lajer of water is shallow. 

The reactions are indicated by the formulas 

(1) Ca02C0,-l- OaH.,Oj= 2CaCO,q-11,0 
' • <2) Mg02C0,-l-CaH,0,= MgCO,q-CaC0,-l-H,0 

another reaction with bicarbonates of^ magnesia, 

(.1) Mg02CO, -I- 2CaH,0,= MgH,n, q- 2 raC 05 q- H,0 
producing hydrate of magnesia, which is also insoluble. 
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When sulphate of magnesia is present in the water, although 
the magnesia is precipitated as liydrate, some lime remains in 
solution as sulphate; but the water is nevertheless somewhat 
improved, as gypsum is only sparingly soluble. The reaction is 
indicated by the formula 

(4) MgS( + CallgOj^ Mgll30^+('aSfh 

The Soda,, Proce.ss.—Waters containing sulphate of lime 
or sulphate of magnesia in .solution, witli little or no carbonic 
acid, are treated witii a solution of (rarl>onate of soda, c.on\'crt- 
ing the sulphates of lime ami magnesia into insoluble carlion- 
ates and the soda into sulpliate, which itunains in solution. 
In the case of magnesia tlie re:iction needs heat for completion. 

(5) CaS( \ + Na,,(X>„=OaC<L+ Na^SO, 

(0) MgSO, + MgfX >3+Na^SD^ 

When free carbonic acid is present the lime or magnesia 
remain in solution as bicarlxmates 

(7} C&H(\ + ('<Na,(''()^= 0a0200„+ ), 

By heating, one half of the carbonic acid is driven off, and 
the monocarbonates of lime or magnesia arc precipitated. 

When caustic soda (hydrated sodimn oxid) i.'' employed, 
the action is more energetic, and desirable results are often 
obtained witliout iieut, even when free carbonic a(;id is present. 

(8) (laS(h + fX>3 + 2 Nafl(WCar 03 + H/) + Na^Sf), 

(9) Ca 2 (; 03 f(:Ls(), + 2NaIIO=20aC03+Na„.S(h4 H^O. 

For water containing, in addition to sulphates, carbonic 
acid or bicarbonutes in excess, the combined Lime and Soda 
Process can be applied, adding tlie necessajy soda solution to 
reduce the sulphates and lime solution for the remaining car¬ 
bonic acid and bicarbonates. 

(10) CaC)2C0g+CO3+CaSO<4-Can3Oj+2NaHO 

= 3CaC03 + Na.,S 0 . + 2 H 30 

(11) 2 (Ca 02 C 02 ) + CaS(),+CaH/b+2NaH0 

= 4CaC03+ Na,SO, + 2 H 3 O 

and when sulphate of mj^gnesia is present, 

(12) Ca02C()j+CO 3 +MgSO,+20aH..Oj + 2NaHO 

= 30*00,+ MgH,Oa+Na^O*+2HjO 
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Bicarbonate of iron behaves similar to bicarbonate of mag¬ 
nesia, and the cblorids and nitrates of lime and magnesia are 
treated like the sulphates. 

Remarks.- -The quicklime for lime solution should be made 
with carbonate of lime or limestone as free as possible of foreign 
matter. The lime should be well slaked in just sufficient 
water to be converted into a very strong milk of lime, which 
after this should be well stirred in a considerable bulk of water. 
After settlement of the surplus lime, the clear limc»w^ater only, 
without particles of suHpende<l lime, should be used. By 
slaking the quicklime, CaO is converted into hydrate of lime, 
CaHgOj, the latter being in reality only soluble in water. (See 
Table of Solubility.) 

Caustic Soda or Hydrate of Soda, NaHO. 


The Commercial (Irade.s arc as Follows t 
(All soluble Ui liot wafer.) 



Stxlium 



Commercial Name 

a 

c 

is. 

. 41 

p «I a 

a 

4) 

x 

11 

41 

a 



o 

p <e' :s 

Vi 

w 

"s 

CO 

A 

o 



Caustic bottoms. 

58.6 

- 

5 6 0 7 

0 2 

5 5 

6 I 

23 

_. 

Vat-liquor cream. 

74 6 

1 4 

1 3 0.2 

0 1 

2 2 

7 8 

— 

12 3 

Red liquor cream. 

60 per cent white. 

70 per cent white ca(u.slic.. 

75 

79 8 
S9 6 

3 1 

1 I 

2 ^ 

0 8 2 1 
0 4 0.1 
0 2 0 3 

1 5 

1 h 
3 6 
3.4 

6.8 
15.1 
3 9 

0 2 

9 0 

High strength. 

»G 

0 2 

0 2 0 1 


1.5 

1.3 




Make a nearly concentrated solution of the caustic soda. 
Take for water-softening preferably 70 per cent white caustic 
and pour this solution in the^quantity of water required. Stir 
up and let settle, drawing the clear solution for use. llnpainted 
iron vessels with well made joints should be used for this purpose. 

(See page 230 for carbonate of soda ) 

Sulphate of Alumina Hydrated, AljOafSOgja+lSHjO, contains 
51.3.') per cent pure sulphate of alumina and 48.0.') water in 
100 parts. * 

Soluble in cold and hot water It is mainly used for clarify¬ 
ing water, but it does not improve the quality for any pur¬ 
pose, as the bicarbonate of lime in the svater is converted into 
sulphate of lime, which is one of the most undesirable ingre¬ 
dients in water for any purpose. 
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Sulphate of Iron* the Ferrous Sulphate (green vitriol) 
FeS(\ + 7HjO, soluble in cold water as well as the ferric sul* 
phate, FcgSOfl, soluble in liot water, have been occasionally 
used for claiifying water, e.speeially polluted waste waters. 


Carbonate of Soda, Na^OCO? 

Commercially Manufactured as Follows t 




Per ('em. Sodium 



Commercial Name 

Chemical 

Formula 

Carbonate 

Hydrate 

1) 

a 

3 

•c 

o 

3 

s 

Dissolves in 
Water 

Suda-ash (impure). .... 
Sodo cry.stals (wanh 

Nn^COa 

Na?a>3+ 

00 to 70 

- 

- 

- 

- 

hot 

.Hodu) . , . 

lOHvX} 

34,22 

0.1 

2 54 

[).27 

62.84 

cold 

Soda crystal oarbimalc 
Concentrated cry.Mal 

Na2('C)3+H2t) 

82.9 

0 

ir. 

tr. 

17 

hot 

soda. 

2Na«<).3(X), 

70 

— 


— 



Pure alkali. 

NajpCKX)* 

92.22 

0 

0 14 

0.5 

0 

hot 


Water treated in this manner is liable to retain some iron, 
which unfits it for quite a number of uses. 

While lime water and soda solutions may be mixed together 
for use, when sulphate of alumina or of iron is employed with 
the former, the solutions should be kept separate until they 
are actually added to the water to be treated. 

In tiie alum process of flltration, in wliich a small quantity 
of alum, +A 1 j(>,(S 03)3 + 24H„(>, from 3 to ft milligrammes 
per litre, or the equivalent quantity of aluminium sulphate, 
Al./yiSO.,),^IfiHjO, is employed, the filtering operation is 
performed in closed vessels under pressure, the rate of fil¬ 
tration being greatly increased. 

The jelly-like precipitation of the aluminium hydrate, which 
forms in this process, clears the water and retains the bacteria 
in the filtering material. But the carbonate of limp is thereby 
transfom^ed into sulphate of lime, or temporary hardness into 
permanent hardness of the water, and in the case of alum, 
potassium carbonate remains in dissolution in the water. 

In the Iron process of purification metallic iron' is sCgitated 
with the water in a jipecially constructed revolving iron drum, 
■then exposed to the oxidizing action of air and filtered through 
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DUtiliatlon is the only process to obtain absolutely pure 
Abater. In the U. S. Navy, water aerated during distillation 
ind run through a bone-black filter for the purpose of improv¬ 
ing its taste, is exclusively used for drinking purposes. 


Solubility ol Various Substances in Water. 




Per Gallon 


^Per Litre 

Substance 

At 60" F. 

At 212" F. 

15.5“C. 

100“ C. 


Lbs. 

Grs, 

Ijbs, 

Gra. 

Grma. 

Grm.<». 

Alum (potash-alum). 

0 9r> 

_ 

35 7 

_ 

95 

3570 

Aluminium sulphate.. ...... 

.3.3 

— 

8.9 


330 

890 

Ciilcium carbonate . 

“ chlorid. 

40 

2 5 


1.5 

0 035 
4000 

0.021 

X 

“ hydrate. 

— 

93 

— 

53.6 

1 33 

0.7GG 

“ nitrate. 

40 

— 

X 

— 

4000 

X 

“ - oxid. 

— 

70 

— 

40.5 

1 

0 58 

“ sulphate 2. 

— 

161 

— 

152 

2 3 

2.17 

Magnesium carbonate...... 

— 

— 

— 

1.5 

— 

0.021 

“ chlorid . 

20 

— 

40 

.— 

2000 

4000 

“ hydrate. 


2 

— 

2 

0 03 

0.03 

“ oxid.. 

— 

1.4 

— 

1.4 

0 02 

0.02 

" sulphate. 

3 

— 

13 

— 

300 

1300 

Sodium biborate (borax).... 

0.4 

— 

.5.5 

— 

40 

550 

“ carbonate (dry). 

1.2 

— 

4 5 

— 

120 

450 

“ “ crystals... 

4.1 

— 

14 

— 

410 

1400 

“ chlorid. 

3.5 

— 

4 

— 

350 

400 

*' hydrate. 

6 1 

— 

X 

— 

610 

X 

“ hypo-sulphite. 

5 

— 

20 

— 

500 

2000 

sulphite. 

2.5 

•— 

10 


250 

1000 

** sulphate. 

1.1 


4.2 


110 

420 


* Iftaoluble 290" F. 

* Insoluble 300" F. 
^Insoluole 302" F. 

* 00 » unlimited. 


Water for Steam Boilers. — Such water should be as 
free as possible from substances forming hard incrustations 
or scales, and from corroding acidity before entering the 
boilers. 

Water containing principally bicarbonate of lime in solu¬ 
tion, when heated to near the boiling-point in a feed-water 
heater, will lose half dT the carbonic add. The carbonate 
of Ijme and the suspended matter will precipitate and may 
be blown out of a properly constructed apparatus. H, how¬ 
ever. sulphate of lime is in solution, only a small part will sepa¬ 
rate by the elevation of the temperature to the boiling-point. 
Such feed-water must be heated to about 300° F., 149° C., 
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before entering the boiler, when the incrustation will almost 
wholly form in the pre-heating apparatus, which must be so 
constructed that the scales can be easily removed. 


Water for Manufacturing 

And Technical Purpose.^. 

Where 'washing and rinsing operations have to be performed 
it is desirable to obtain as pure a supply of water as possible 

In such cases the water-softening processes indicated above 
may be of practical application 

For a great many manufacturing operations and processes 
a certain hardness of the water is not objectionable. 

47d. Water for Domestic Use.—Water containing bicar¬ 
bonate of lime is not considered objectionable, and only water 
containing other ingredients and especially sulphates of lime 
and magnesia should be avoided Sulphate of magnesia, or 
epsom salt, is extensively used in medicine as a purgative 
and although natural waters contain a relatively small pro¬ 
portion of this salt, they are, nevertheless, on that account 
objectionable 

A certain amount of sodium chlorid may not in itself be 
very objectionable in such water, but it becomes highly objec¬ 
tionable when a strong suspicion exists that the salt has reached 
the water by infiltration of sewage from the vicinity 

Water containing organic matter, vegetable or animal, is 
generally contaminated by bacteria, which, although in some 
cases harmless, may in other cases produce sickness and death, 
caused by typhus and cholera germs. 

The chemical examination of water relative to its adapta¬ 
bility for domestic use is therefore mainly directed to the 
determination of nitrogenous organic matter in the water. 

The presence of nitrogenous organic substances is mani¬ 
fested by: 

1 Free Ammonia* which, as the prgiduct of putrefaction of 
nitrogenous organic matter, is dissolved in contaminated 
water. It is distilled out of a measured quantity of such 
water. The presence of free ammonia in water is not neces¬ 
sarily a sign of contamination; it may be in dissolution in un- 
isontaminated water 
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2 Albuminoid Ammonia.—As derived from contaminated 
water, does not exist originally in the water The term has 
its origin from the fact that when “albumen'* dissolved in 
water is decomposed by a strongly alkaline solution of potassic 
permanganate added thereto, ammonia can be distilled out 
ot this compound After free ammonia has been distilled from 
contaminated water, the nitrogenous matter yet in the water 
is decomposed by the addition of an alkaline solutioi^of potassic 
permanganate, resulting in the production of a second quantity 
of ammonia which will he liberated by distillation as before. 

3 Nitrites derive tbeir existence from nitrogen in organic 
matter which, coinl>ining with dlssohed oxygen to nitrous acid, 
forms, w'ith dissolved mineral substances, nitrites 

4 Nitrates arc the result of a more complete oxidation of 
nitrogcii to nitric acid, combining with mineral oxids to nitrates 

The presence of both nitrites and nitrates in W’ater are in¬ 
dicative of contamination, tlie nitrates more particularly of 
animal than of vegetable source. 

5. Required Oxygen,—This is the oxygcn necessary for the 
complete oxidation of the organic matlei (‘ontained in con¬ 
taminated water 

Bactoria is a microscopical living organism whi<;h thrives 
and multiplies by feeding on nitrr^enous organic impurities 
in water, 

Miquel, a French bacteriologist, after !."> years’ experience 
classifies water; according to its contents of bacteria, per cen¬ 
timetre cube as follows: 


Excessive pure water. 


Very pure. 

. 10 “ 100 

Pure... 

. 100 “ 1000 

Medium. 

. 1000 “ 10000 

Impure. 

. 10000 “ 100000 

Ve^ impure above. 

. 100000 


Boiling for ^ hour will remove 99 per cent of bacterial life; 
the .remainder is entirely hannlcss. 

Absolute sterility can only be attained by heating ^the water 
for 45 minutes under pressure to 115° C, 
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AVERAGE CONDITION OF WATER 

From Various Sources4 
Standards for Uhpollotbd Watbr (1 to 5). 

(Parts ])er milHon or milUftrammes io 1 kilogramme (litre).) 


Designatioo 

Total 

Solids 

Hard- 

neHH. 

Chlorn 

Nitrogen 

in 

Nitrites 

and 

Nitrates 

Authority 


29.5 
96.7 
432 8 
282 

150-200 
300 » 

1000 

3 

64 

250 

185 

50-150 

8.22 

11.3 

51 1 

24 9 
3-10 
50’ 

110-160 

5872 

0.03 

0.09 

4.05 

3.83 

Hivera* poHutioo 
CommisaioD of 
Great Britain 
do. 

A. R. Leeds 
• Dr. Smart, 

’ Frankland 

Dr. Smart 

2 Upland 8urface .... 

3. I^ep well. 

4. Spring . 

5. American riverB.... 

6 Safe limit. 

7. To be condemned .. 

8. Sewage. 



47c. Solutions fur Determination of Chlorin, Ammonia, and 
Organic Matter. —All rcagenU for water analysis should be 
kept in bottles with' ground caps covering the ground-glass 
stoppers. 

Standard Silver Nitrate Solution for chlorin determination: 

(1) Chemically pure cryst^lixed silver nitrate. 4.8022 grammes. 

Distilled water to make the solution. 1 litre. 

Each c.c. of this Holiition added to a solution of a chlorid will 
precipitate silver chlorid containing 1 mlgrm. of chlorin. 

(2) Sodium Carbonate, chemically pure... 50 grammes. 

Distilled water.300 c.c, 

(3) Indicator.—Potassium chromate, pure. 2gr. 

Distilled water. 100 c.c. ^ 

DeUrmlnation.—To 100 c c of the water to be examined in a 
white porcelain casserole or dish, add 1 c c potassium chromate 
solution, producing a distinct yellow color; then introduce gradu¬ 
ally, from a measuring-burette, silver wlution until the yellow 
changes into a red tint The number of c c of silver solution 
added gives the number of migrms of chlorin in the 100.ee. 
of water and 10 times this number those in a litre of water 
or-the parts of chlorin fn million parts of water. 

When it is found necessary to operate on larger quantities, 
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then 1 c.c, of carbonate of aodium solution is added to 1 litre 
of the water under examination in a white porcelain casserole 
evaporated to 100 c.c. and titrated as above. 

Should the water contain coloring-matter, which would 
interfere with the color obiicrvation, then freshly precipitated 
aluminium hydrate should l)e shaken up with the water After 
hltering, measure out the litre to be examined. The coloring- 
matter will have been removed. 

.• 

NitroKpn in Nitrite. 


(4) Sulphanilic acid. 1 gramme. 

Distilled water, hot. 100 c.c. 

(5) Naphthylainine hydrochlorid. J gramme. 

Distilled water. 100 c.c. 


Boil for ten minutes, keeping volume con.st,ant. Add pul¬ 
verized carbon when in glass-.sloppercd Ixittlc and filter when 
required for use 

Standard Solution of Sodium Nitrite. —(0) Add to a solution 
of commercial sodium or ixitassium nitrite a solution of silver 
nitrate as long as a precipitate is formed. Decant and wash 
two times with cold water Dissolve in boiling water and 
concentrate. Crystallize from the hot solution and dry the 
silver nitrite crystal in the dark. 

Of dry silver nitrite ,so obtained, dissolve 0 22 gramme in hot 
distilled water, add a slight excess of sodium ehlorid, cool, and 
dilute 'to I litre After the jirecipitate of silver chlorid has 
settled, decant 5 c c. of clear solution, which should be made 
up to 1 litre with distilled water This standard solution of 
sodium nitrite contains in each c c. 0,0001 milligramme of 
nitrogen. ' 

Determination.—To 100 cc of the water under examination 
in a NcsnUiT jar add successively 1 c c. of sulphanilic acid solu¬ 
tion ani 1 c c. of naphthylaminc hydrochlorid solution, coyer 
with watch-glass and let it stand for J hour, during which 
prepare a number of ‘tNessler” jars by putting in each a 
known quantity, but different in each jar, of the sodic nitrite 
standard"solution, dilute with pure distilled water to 100 cc 
and add to each jar 1 c c. of sulphanilic^acid and 1 c c of naph- 
thylaraine hydrochlorid solution. At the end of the 30 minute" 
compare the pink color of the water to be examined with that 
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of the known aodic nitrite solution, and the nitrogen contentB 
of the latter solution of the same depth of color as the water 
examined will indicate the nitrogen as nitrite contained in 
the water 

Nitrogen In Nitrates. 

Standard solutions. 


rhenoI«flUlphonic Acid. 

(7) Sulphufic acid, pure concentrated. 148 c.c. 

Phenol, pure . 24 grammes, 

Distilled water. 12 c.c. 

(8) Potassium Nitrate Holution: 

Potassium nitrate, KN(L, pure. 0.7221 gramme 

Distilled water. .. 1 litre 


Dilute with distilled water 1(X) cc of this solution to 1 litre, 
then cacli c c of tliis dilute solution will contain 0.01 milli- 
gramme of nitrogen as iiitnite. 

(9) Sodium Chlorld solution: 

Sodium chlorid, pure (from metallic sodium),. 1.0497 grammes 
Distilled water. 1 litre. 

1 c.c will contain 1 milligramme of chlorin 

Determination.—Add to 100 c c. of water under examination 
^ c.c of sodium carlwnate solution (2). 

Evaporate to dryness on a water-bath. Add to the dry 
residue 2 c.c. phenol-sulpbonic acid (7) and then ammonium 
hydrate in excess (about 15 c.c). Dilute with distilled water 
to 100 c.c in a “ Nessler ” jar, compare the color with the 
color of a number of similar jars prepared in the same man¬ 
ner with various but known quantities of standard nitrate 
solution. To each of the standard nitrate-solution jars should 
be added sodium chlorid solution, corresponding to the chlorin 
contents of the water under examination, previously deter¬ 
mined. 

Free and Albuminoid Ammonia. 

(Standard reagents.) 

10. “ Nessler’s ” Solution t 
{a) Mercuric chlorid, pure HgCl,, 16 grammes dis¬ 


solved in distilled wafer. 0.5 litre. 

(6) Potassic iodid, Kl.36 grammes.. 

Distilled water. 200 c.c. 
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Pour the a in the b solution until a slight excess is indicated 
To this compound-add solid potassium hydrate, KOH, IGO 
grammes, and dilute to 1 litre with distilled water. Then 
from a strong solution ot mercuric clilorid, add very gradu¬ 
ally until the red mercuric iodid begins to be permanent. Let 
the precipitate settle. This reagent should have a pale straw 
color and will improve by age. 

A trace of ammonia or of ammonium salts produce 
in this solution a distinct brownish-yellow coloration. If the 
quantity of ammonia is sensible, a brown precipitate will be 
produced 

(11) Alkaline Potassic Permanganate. 

Solid potassic hydrate, KOII. 200 grammes. 

Potassio permanganate, K^MnjjOg . . 8 “ 

Distilled water.-. 1250 c.c 

Boil down to 1 litre and keep for use. 

(12) Ammonia Solution (for slaiidardizing). 

Ammonium chlorid pure dry.. 1.570f> grammes. 

Distilled water. 500 c.c., I litre. 

5 c.c of this solution diluted to 500 c.c. represents 0.01 milli¬ 
gramme of ammonia, NH,, per c.c, of the diluted solution. 

Water for this analysis should be specially distilled and the 
first 1(X) c.c. re](^cted, and each successive 50 c. c. of distillate 
should be tested with the addition of 2 cc of Nesslcr solution 
in a Nessler jar, until by looking through solution lengthw'ays 
at a white sheet of paper no change in color appears after a 
lapse of 5 minutes. 

Determination of Free An)monia.—Add to 200 C.C. of pure 
water 10 c c of sodic carbonate solution, in a tubulated glass 
retort connected to a Liebig condenser of large size. The 
neck of the retort should project 3 or 4 cm in the condensing- 
tube an3 a tight joint made with large rubber tubing. Distil 
about every 15 minutes 50 c.c. into a Nes.sier jar until 100 
c.c of distillate have been obtained. Test the second jar of 
60 c»c. by adding 2, c c. of Nesslcr solutiorit so as to be sure 
that no ammonia is present 

Now add to the contents of the ret<>rt 500 c c or J litre of 
the water to be examined. Distil into each Nessler jar 50 c c 
until 4 jars are filled, which is generally sufiicient. Add to 
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each successive jarful 2 cc of “Nossler^' solution until no 
ammonia reaction is apparent after 6 minutes. 

Measure in a number of Ncs-alcr jm' various known quan¬ 
tities of standard ammonia solution, dilute each with pure 
distilled water to fiO c.o., add to each, 2 c.c. of Ncsukr solu- 
tion, and (‘ouipare the coloration with that of the jars con¬ 
taining the distillate of the water under examination. 

Suppose 7 cc of standard ammonia solution diluted to 
<50 c c will Inatcli in color the first jar ol Nessierized distillate, 

2 cc the second jar and \ c.c the third, then, since each c.c 

of standard ammonia, solution contains 0 01 milligramme of 
ammonia, we liave for the quantity of ammonia in the orig¬ 
inal i litre, 0 07-fO 02 + 0 milligrammes, or 0.19 

milligrammes per litre ol water exaniincHl. 

Dptermincition «f AlbumliioJd Ammonta. —Mix 200 c.c. of 
pure water and 50 cc of alkaline permanganate solution (11) 
iu a clean retort connected as above to a condenser. Distil 

3 .Vc.Wcr jars full each of .")(tcc. To insure freedom from 
ammonia add the 2 cc. of Nesslcr solution U> the third. Then 
add 500 c c , 2 litre, of the water under examination to the con¬ 
tents of the retort Distil 50 cc jars off, add to each jar ob¬ 
tained 2 c c of Nesslcr .solution, until no change of color takes 
place, or until it may IxMtomc unsafe to continue the distil¬ 
lation Compare as before with standard ammonia solutions. 
The result will give the contents in the sum of free and albumi¬ 
noid ammonia Subtract from this the previously obtained 
result for free ammonia 

Determination 

Oxygeo-cnn.sumInK Capacity or Required Oxygen. 

Stiindarcl Solutions. 

Dilute strong sulphuric acid, 1 part, in 3 parts distilled water, 
Pofnssic Pirmdngnnnte Solution. 


Potassic permanganate, pure . 0.3952 graaomes. 

Distilled water . 1 litre, 


Each c.c of this solution contains 0.1 milligramme of avail¬ 
able oxygen 

Oxahe Acid Solution, 

Crystallized oxalic acid, lljCjO,2HjO . 0,7875 grammes. 

Distilled water .1 litre 

10 c.c. of this oxalic acid solution diluted to 200 c.c. with puie 
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water and 10 c.c. of dilute sulphuric acid (1 acid to 3 of dis¬ 
tilled water) should be titrated while boiling, with the standard 
potassic permanganate solution and the required amount of 
the latter recorded 

Mix in a porcelain casserole 200 c c of water to be examined, 
and 10 c.c of dilute sulphuric acid, and add from a burette 
the standard permanganate solution until the color of the 
water is of a decided red. While boiling for ten minutes add 
gradually permanganate solution to maintain the ■'exact color 
of the start. Suppress the flame and then add 10 c c. or more 
of the oxalic acid solution, to destroy the color. Restore the 
solution to a faint pink color by the gradmil addition of the 
permanganate solution 

From the total permanganate solution employed should be 
deducted ttic quantity added for the 10 c.c, of oxalic acid 
solution The remainder will indicate the ai’ailable oxygen at 
the rate of 0 1 milligramme per c.c of permanganate solution 
necessary for the consumption of the organic matter in the 
water. 

If nitrites, ferrous salt, or hydrogen snlphids should be pres¬ 
ent, the necessary correction should be made, 

47f. FILTERING OF WATER SUPPLY FOR CITIES. 


Material, Thickness of Beds, Bate of Filtration, 


Location 

Fine Sand, 

Inches 

Coarse Sand. 
Inche* 

fid 

o| 

V o 

G a 

Medium Gravel, 
Inches 

Coarse Gravel, 
Inches 

' Small Stone, 

! Inches 

1 Large Stone, 

1 Inches 

1 Total Thickness, 

1 Inches 

si 

■si 

o 

1 Vertical Inches 
j per Hoir- 


22 ' 

2 

6 

5 

3 

* 

12 

54 

74 

5 


32 

1 6 

4 

— 

6 

— 

— 



14 


12 

! 10 

— 

— 

10 

— 

B 

38 

52 

72 

96 

84 

66 

66 

72 



Warsaw.^ .| 

Hudson. Y . • • • 

Chelsea. 

§ Lambeth.' 

*0 Southwark. 

S W. Middlessex... 
hS East London... . 

1 Grand Junction .. 
l^ughkeepsie.'N Y, 
Liverpool. 

24 

.14 

36 

36 

27 

24 

18 

M2 

12 

1 1 

6 

30 

18 

1 • 

12 

6 

6 

24 , 

24 

60 

62 

43 

38 

59 

60 
49 

3 3 

4 1 
2 7 
2 5 

2 5 
4 

4 

3 3 






1 








. 

1 

' 








'» Top layer, fine sand. Shells. Bottom, gravel or large stone. 
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Effects of Filtration.—Numerous investigations have shown 
that filters in good condition will remove not only suspended 
mineral matter from the water, but that an average of over 
98 per cent of the bacteria originally contained in the water 
remain in the filter, and that no disease-producing germs, as 
typhoid-fever germs and cholera genns, pass through it. 

A filter, however, becomes only effective for the removal 
of bactcrif. and disease germs from the water, after the sand 
grains from the top to a certain depth have been covered 
by a gelatinous substance in which subsequently most of the 
organic matter in the water is caught and retained. 

The accumulation of this slimy matter on the top layer 
reduces the filtering eapjwity This layer, of aboiit J inch 
tliickness, imist, therefore, be removed from time to time, 
say every three or four weeks in summer and at intervals of 
one and onc-liaif to two months or more in winter. 

When the tliiekness of the filtering-bed has been reduced 
to a certain extent, then new sand, or the old sand thoroughly 
washed, should be replaced on the Ijed. 


Rivers. 

Drainage anil Sedimentation. 


Jliver 

Drainage 
Area, 
Square 
Miles 1 

Mean 
Annual 
Discharge, 
Cu. Ft. 
per 

Second 

Sedimentation 

Annual 

Tons 

Height of 
ot a 

Col, of 1 
Sq. Mile 
Rase, 
Feet. ' 

•Depth 

Over 

Drainage 

Area; 

Inches 

Mississippi. 

1,214.000 

610,000 i 

406.250.000 : 

291 2 ' 

^ 00288 

Rio Grande . 

30.000 

1,700 

3,830.000 i 

2.8 

0 00110 

Potomac. 

11.043 

20.100 

5..557.250 ; 

4 

0.0043 

Uruauay . 

150.000 

150.000 

14.780,520 I 

10.6 

0 00085 

Ubotie. 

34,800 

65.8.50 

.36,000.000 

31.1 

0.01071 

Po. 

27,100 

62.200 

67,000.000 

59 ' 

0.01130 

Danube. 

320.300 

315.000 

IOH.000.000 

93.2 •* 

0.00354 

Nile. 

1.100,000 

113.000 

,54.000.000 

38.8 

0.00042 

Irrawaddy... 

125,000 

475.000 

219.430,000 

200 

0.02005 


The data given in the foregoing and in the following table 
must be considered onljt as very rough approximations. The low 
.water consumption in European cities may be explained by the 
continued use of the old-established wells. 
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MINERAL OILS. 


48. 


ConderiNers for Mineral Oil. 


Square feet of oondenHing eiirfoce per gallon of oil distilled 
per hour Heaxy oil I sq. ft., burning oil sq. ft, naphtha 
1? sq. ft, gasoline 2 eq. ft. 

Internal 'area of condensing pipe in sq. inches per gallon 
of oil distilled in 1 hour should be not less than 0.05 sq. inch. 
If d=internal diameter of pipe in inclies; 

iV= number of gallons of oil to be distilled per hour, then 

, ./O.OSxAf , VN 


Products of Shale or Coal Distillation. 


Ck)mrnercial 

Name 

Sp. Or. 
of 

Water, 

1000 

B, BoHiog* 
point. 

M, Melting- 
point 

Latent Heat of 
Vaporization 

_ 

Vapor 

Density 

Specific 

Heat 

Deg. 

0 . 

rtg- 

Deg.C. 

perKgm. 

’ Water 

Deg. F. 
per Lb 
Water 




B 





Gasoline. 

642 

21 

70 


100 2 



Naphtha. 

720 

46 

115 


■Djra 


0 5687 

756 

60 

175 


133.5 


.0.6104 

Burninc oil. ., 

810 

127 



105.4 


0 4001 

Intermediate oil 

643 


545 




■IgPKH 

Lubricating'OU. 

865 






0.4402 

8dU 


M 




0.4441 

Paraffin wax ,. 



118 




0.4164 




130 




0.3660 

Stearine. 



128 




0.3520 


Quantity of Water Needed for Distillation of Oys. 

If number of gallons of oil to be distilled per hour; 
g* specific gravity of the distillate; 

//^latent heat of vaporization of distillate; 

5=specific heat of distillate; 

initial temperature of water; 

7*'*= overflow temperature of water; 

n*Bnuniber of gallons of water of the temperature, t, needed 
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to distil N gallons of oil per hour and to cool it from 
its boiling-point b to F. 

1 English gallon of water=10 lbs. 

lOn(T-t) - U)(jN X // + U)gNih - 60)S; 
gA'(// + (^-00VS) 


Petrolewm Products, 



Begree, 

Gravity 


Technical Names 

Degree, 

S|)ccific 

Uses 



Baiinir 

Waters 1 



B.» 

0“ 

no 




18 3 

100 

0 GO 



40-70 

80-85 

0 65-0 (iG 

Solvent, gas machines 
and gas .''to%’e.>« 


Gasolene. 

70-90 

76-80 

0 (56-0 ()9 

do. 


80-11(7 

70-76 

0 09-0 70 



stoves 


80-120 

62-67 

D 71-0 7.3 

Solvent, Ijimps 
Substitute forturpen* 

Benzine (deodorized)... 

120-1.50 

7U-76 

0 09-0 70 


F.* 



tine, cleaning 

Burning oir(kerosene)... 

43-.50 



Lumps 

Headlight-oil. 

67 



Locomotive head- 





Mineral sperm. 

Lubrlcating-oil (neutral) 

. '* cylinder.. 

149 

32-38 

0.829 

Machinery 

M.i 



Steam cylinders 


Paraffin, 1st quality... . 
“ 2d “ ... 

“ 3rd " ... . 

61.01 
63.3 I- 
67.3] 



Candles & various 



applications 

‘ ‘ scales. 

66 




'*. Rangoqn tar. .. 

61 1 
62 ( 



Combustibles 






^ B., Boiltnfi:. M., Melting. F„ Flashing. 


Illuminating Power In Standard Candles of Oils of Various 


Rpcclflc GraTitics. 


From Light-oil Stills j 

From Heavy-oil Stills 

Boecihe 

Standard 

S|>ecifir 

St.an<lard 

Specific 


Gravity 

Candles 

CJravity 

(andles 

^.ravity 

('on dies 


12.20 

794 

19 40 

801 

19 22 

.704 


798 

18 GO 

805 

20.26 

768* 

19 90 ' 

804 

19 40 

814 1 

18.41 

774 

i 19 26 

811 

17 00 

818 

16 70 

779 

. 18 94 

816 

16 .50 

823 ' 

16.40 

784 


818 

16 M 

830 

16 64 

791 

1 18 90 



835 

16 80 
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Specific Gravities of Molten Paraffins* 


Temp. 

Meltiog-poiots 



C -42.2 

45.6 

49.4 

.50 


50.4 

53.5 

56.25 

C. 

F. 

F. -108 

114 

120 5 

122 

25 

122.76 

128.25 

133.25 

71 

ifi:> 

m 

69 

771.93 

773 91 

77) 

79 

nSgR] 

* 776.73 

777.23 

ms 

155 

771 

19 

773.30 

775.31 

771 

49 

771.C3 

776.53 

778.58 


150 

773 

09 

774.73 

77 57 

77'» 

10 

772.83 


■rKLiXtiJ 

62 a 

145 

77.5 


776.20 

777 77 

77.5 

IS 

774.63 

7'9 73 

781.63 



V76 

70 

777 63 

778 47 

776 

8f 

776 33 

781.33 

783.33 

57.2 

135 

77S 

EQI 

770..5.3 

781 47 

778 

69 

778 4.^ 

783.03 


54 4 

130 

K9] 

40 

781.13 

782.67 

mim 

29 

779.73 



61.6 

125 

781 

m 

783 43 

784 41 






48.fl 



i>9 

784 73 







46.1 

115 

785 

29 









C.•"degree Centigrade. 


F. — degree Fahrenheit. 


Solid Paraffin Waxes*' 
(Specific Gravity.) 


Temp. 1 

Melting-points 



“C.4I.i . 

1 44.4 

49 4 , 

50 

1 52 

1 55 

C. 

1 

® F. 106 1 

[ Ul-5 

120 5 1 

122.25 

I 125.75 

1 131 

16.6| 

1 60 1 

1 ! 

875.25 

882.30 

898 05 

901.05 

903.5 

908.05 

! 


> S. F. Stadler, Handbook of Industrial Chemistry. 


Detection of Mixtures in Mineral Oil* 

Wax in on.—Cool and press a small quantity of the oil. 

Fatty Oil. —Mix about i ounce with a saturated solution of 
caustic soda in absolute alcohol, in a large test-tube, boil for 
20 or 30 seconds. The presence of only 2 per cent of fatty 
oil produces a gelatinous mass on cooHfeg. With a larger 
percentage the mixture becomes gelatinous and even solid 
while liot. 

For quantitative determination of fatty oil mix 50 grains 
of the oil to be examined with 500 grains of clean wHite hne 
siiicious sand, add an excess of alcohoUc soda solution, evapo¬ 
rate on a water-bath, with constant stirring, until all alcohol 
has been expelled; filter and wash with gasoline or other very 
volatile solvent until a drop of the filtrate evaporates on a 
watch-glass without leaving an oily mark. The soap formed 
by the fatty oil, attaclied to the sand grains, remains unaffected 
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by the volatile solvent; all the mineral oil is in the solution, 
from which the volatile part is slowly evaporated in a tared 
flask. By weighing the remaining nuneral oil and subtracting 
its weight from that of the oil treated the quantity of fatty 
oil in the mixture is obtained. 

Bosln.—Rub a small quantity of oil between the palms of 
the hand and smell. 

Water.—Oil finished by an acid and eaustic-sodt^ treatment 
emits a slight crackling sound in burning, which ellii be heard 
by applying the ear to the lamp. 

Oil finished by distillation does not emit such a sound. 
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Normal HydrorarbonA mostly contained In Petroleum. 

Atomic weights in chemical formula, 12; 

I Degree C. 1 Speciho 

imicalNatn. 7 Kemarks 


Mareh-gas 

Cm 

Gas 


Methane. 

Kthane. 

Propane. *■ 4 r 

Butane . 

Pentane. 

Hexane. 

Heptane. 

Octane. 

Nonane. 

Deoane. 

XJndecane. 

Dodecane. 

Tridecnne .• • • 
Tetradecane . . • 
Pentadecane ... 
Hexadecane . . • 
Heptadecane .. 

Octdecane. 

Nondocane... . 

EiccMone. 

Docosane. etc. .. 
Untriacontane .. 
Pentatriacontane 


Formula: 

1 1 

■m 


CH4 


C;,Hh 

-17 

C<H,„ 

1 

CiH„ 

37-39 

C«H„ 

71 


99 


125 

C’nH,0 

~rA 149 5 

c"„i& 

-32 173 


-20 5 194 5 


-12 214 


- 0 2 234 


+ 4 5 2.52 r, 

Ci.-.H 32 

10 270 5 

C,fiH 34 

18 287 


22 5 303 


2S 317 


.32 330 

CV.Hf2 

36 7 205 

c-A 

44.4 224.5 

V-sMa* 

68 302 

(V.Ht2 

74 7 331 


, Rp. gr. at 0“ C. 


! Sp. gr. at melt- 
! ing-points 
^ Solid paraffinfiat 
j ordinary tem- 
I perature 


COMPRESSED GASES. 

Compressed Air. 


a S S! Tempera- 
|- 7 J ture of 
R O’ " S' Compressed 
<0! ~ .0 Air 

c 5 go ■«_ 

I" IS"* 

1-^ o-sS 

> *0 t’ 


£.iO — ^ © 

>‘■0 


100 

60 

15 

5 

70 

33. 

98.58 

63 

17 

26 

7531 

so 36 

108 

42 

60 

80 

30 

68 59 

149 

G4 

76 

85 

28. 

60.27 

180 

82 

10 

90 

27 

54 01 

208 

98 

38 

95 

26. 

49 13 

237 

113 

86 

100 

25 

45.18 

259 

126 

54 

125 

21 

41.93 

282 

138 

96 

150 

19 

39 19 

303 

150 

53 

175 

17 

36 84 

322 

161 

38 

200 

15 

34 80 

340 

171 

61 

225 

14 



' “Note Gases found to exist in air after having been subjected to 
pressure and at very low temperatures- Bdiumt Argon, Krxpton, Nton^ . 
Uitargon, Ethtrim. 


•»4 1. 
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Temperature 


Preflfture 

Absolute 


Heat of 
Vaporisation 
or Latent 


Volume of 
Vapor 


Volume of 
Liquid 
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Authority 

3 

t 3 3 3 

X i PI a 

I’Sr” ■ ■ » 

■» Color of 
* Liquid 

. 

S 1 1 

1 1 1 IS 

5 ^6 i j 

4 

■s.s 1 

£ a 

(0 

1 1 1 1 1 1 SRSSSgZ'gS 1 1 121 1 1 1 1 

,-c -- (Mweo—•-< 

1 I I 1 11 I M i 

o 

= § 

? 1 

«5 ^ wr- «o *o ust- CO 'oco 

to u; 1-1 coco to 00 CO r-CO o to—Cl irt CO oi o'O''O'oo a CO‘.6 

«5 00 w ij 2 CO CO OT CO Cl o CO ^ CO ® o> CO CO w —1 o 

+iiiii+iiiiiiiiiiTiT7777 

Boilini 

at Atmos¬ 
pheres 

—Ii-t O'O'O >-« «-tW W »-t ».< IH iH-H O "-I"H N In. O-H 

Critical 

Pressure, 

Atmos 

pberes 

60 

68 

39 • 

62.7 
115 
50.0 

75 

36 

83.9 

61.7 

51 

86 

20 

56 8 
39.2 

50.8 

~ 

Critical 

Tempera¬ 

ture, 

Degrees C. 

U) 1 

OtO to v^NiOlOtAOC 

St-O « 0 O»^ fh»mO'©'HO' coiccc’ I 

cocooi 1 I 1 o'co'Ntoo'O'ej-KiOpr i i'.o'f- i r i i 

« -^111 (N i 1 1 1 1 

++1 ++1+1++++1 1}i 


• •r £ S-o a u e 


lia-E-sIp^ti 5|g:--= s 
<n-<di56iij«iija aiSo . o 


Cnticai, Temperatu^: The temperature above which the gas cannot be compressed into a liquid. 
unHcal i'reasu^: Fbe lowest pressure under which a gas at the cntic^ temperature can be converted 
The freeuDg-point of carbon dioxide should probably be — 1C5 and not —65, (Author.) 
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Temperature of Liquefied G^es Evaporating Lndcr Various 


Pressures. 


Preasure 

Boihng-puuite in De^ieea C 

Atmof- 

pberes 

Centi 

metres. 

Mercury 

Air 

Oxygen 

' Nitnjgcii 

Carbon 
Mot)' 
oxide ■ 

Carbonic 
Ac»] I 

t'ithylene 
or Ole¬ 
fiant (.iaa 






-- 1 —I 



50 

•— 

— 

-113 



• 1 


30 

— 

-140 

— 

_ 

_ 

0 


35 

— 

— 

— 

-146 


- 4 


27 

— 

— 

-129 0 

— 

— 

-12 

- 17.75 

24.4 

— 

— 

-133.4 

— 

— 

-16 1 

- 20 6 

22.2 

— 

— 

-138.8 

— 

— 

-18 

- 24 4 

J7 

■ — 

— 

— 

-160 

, — 

-26 1 

- 32 

14 

— 

-146 

— 

— 

— 

-34 1 

- 38 

4 

— 

-176 ' 

— 


— 

-64 

- 77 

1 

76 

-191.4 

-184 

-194.4 

-190 

-78 

-102.5 


75 

— 

— 

— 

- 

— 

-103 


73.6 

— 

— 

— 

-190 




74 

— 

— 

-193 1 





16 

— 

— 


-197 fy 




12 

— 

— 

-201 





10 7 

— 

— 

— 


— 

-115.5 


10 

— 

— 

— 1 

-198 8 




8 

— 

— 

-201.71 




6 

— 

— 

-204 

-201 5 




4 

— 

— 

-206 

-201 6 




3.1 

— 

— 

— 


— 

-139 


0 98 

— 

— 

— 

— 

— 

-150 4 


0 

-205 


-213 





Note.—The aecotid column iii<iicalc8 the barometric preasure. 


50. EXPLOSIVES. 

Gunpowder. Hoii.hold Schwartz of Freiberg is said to 
have invented gunpowder in 1328. ExpIosi\'es, however, have 
been knov/n by tlie Chinese at lejist siiice tiie beginning of the 
Christian Era, and the Aiabs have used an explosive mixture 
similar to gunpowder long before its invention by the Fran¬ 
ciscan friar, Schwartz, in Germany. 

Composition of Gunpowder. 


In per cent partB. 


! 

i 

EngiiHb 

French 

j 

Hunters 

War 

Mining 


Saltpeter. 

74 07 

78 'l 

75 ■ 

65 

62 

Charcoal. 

14.82 

12 i 

12 5 ^ 

15 

18 

Sulphur. 

11.11 

, JO 1 

12.5 

20 

20 
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Fulminate of Mercury.—Prepared as follows: To the disso¬ 
lution of 1 part of mercury in 12 f^rts of nitric acid add 11 parts 
of alcohol, 86 per cent strong, and bring to ebullition on a 
sand-bath. As soon as the mixture starts boiling, remove 
from the fire, but let the reaction continue for some time. 
When action has ceased, the fulminate will be found precipi¬ 
tated. Dilute with water and filter, wash until no acid’ 
reaction is apparent; collect the little crystals of yellowish- 
white fulmihate, and mix it on a marble slab with ^ its weight 
of saltpetre by means of a wooden spatula, forming in this 
manner a paste, which is distributed in proper proportion in 
percussion-caps, and dried. Is exploded by shock or by heat. 

Nitroglycerin, C 3 II 5 NP,.— It was first produced in Pelouze's 
laboratory in Paris in IS-I? by the Italian chemist Sobrero. 

Alfred Nobel, a Swedish engineer, devised methods for its 
manufacture in 1860. 

Preparation—1 part glycerin is poured in a mixture of 2 
parts nitric acid of 1.525 specific gravity and 4 parts of con¬ 
centrated sulphuric acid of 1 83 sp. gr., keeping the tempera¬ 
ture below 25°0.=77®F. Wash the nitroglycerin in water, 
being careful to remove all traces of acidity. Let the heavy 
oily nitroglycerin settle Remove and dry carefully. 

At ordinary temperatures nitroglycerin is a colorless or 
yellowish oily liquid of 1.6 specific gravity, insoluble in water 
but soluble in ether, wood spirit or methylic alcohol, benzol, 
chloroform, and hot nlcohol. 

It solidifies or freezes at various temperatures depending on 
the mode of manufacture and the purity of ingredients used, 
between 12.8® C. and 20° C. (Nobel’s at 12.8® C, Mowbray’s 
at 7 2® C., Champion’s at 20° C.) 

1 volume of nitroglycerin produces from 1300 to 1500 volumes 
of gases at 100® C , but this is expanded about 8 times by the 
heat produced by an explosion, the temperature of the gases 
reaching nearly 2600® C. , 

Nitroglycerin in a liquid state will not explode by a gradu¬ 
ally increasing pressure. A blow fromra hammer will detonate 
the portion struck without fdlecting the remainder. 

When frozen or solid a blow or violent shaking may deter¬ 
mine the explosion of the whole mass. 

. T}ie detonation of gunpowder, of guncotton, or of fulmin¬ 
ate will cause nitroglycerin confined or otherwise to explode. 
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Heat necessary explode it in a closed space, 257® 0 

NltroKcIatlnc or Golatiniiod NitroRlyceHn. —Invented by 
Nobel and patented Oct. 13th, 1876, in England. Consists 
principally in a solution of soluble pyroxylene, soluble gun¬ 
cotton, or collodion cotton in nitroglycerin, with the addition 
of a few per cent of acid, ethers, or other solvents, or only 
by the aid of gentle heat applied to the nitroglycerin. 

The explosive jelly so formed can be pressed into cartridges, 
and its explosive sensibility modified by the addjj,k)n of other 
substances such as camphor, which renders the nitrogelatiii 
more or less insensible Ix) blows 

Nitrogelatino is a transparent elastic substance of a palo 
yellow color, of a density of 1 6; can l)C cut with a knife, but 
softens a little without becoming greasy when healed to 50°- 
(1 (122°-1-10° F.) 

Dynamite.—Nitroglycerin absorlwd in a porous substance, 
more especially silidouK nrfusorial earth known under the 
name of “ kiesclguhrin Hanover, (Icrmany. 

Colonia Dynamite.—Nitroglycerin 35 per cent and mealed 
gunpowder. 

Hercules Dynamite.— Nitroglycerin 35 per cent and mealed 
gunpowder. 

Vulcan Dynamlte—Nitroglyccrin 40 per cent and mealed gun¬ 
powder. 

Serantne Dynamite. —Nitroglycerin and chlorate of potash. 

Horsley’s Powder—Nitroglycerin and chlorate of potash. 

Du^Hne.— Njtroglycerin saltpetre and sawdust. 

LUhofracteur. —Nitroglycerin, 55; kiesclguhr, 21; charcoal, 
6; barium nitrate, and bicarbonate of soda or either of them 
15; sulphur and manganese oxid or either of them, 3 per cent 

Ammonia Powder.—Nitroglj'cerin 14 to 20; nitrate of ammo¬ 
nium 8; charcoal 6 parts,by weight. Being hygroscopic, its 
maximum effect is only produced when freshly prepared, 

Giant Powder* No. 2—Nitroglycerin, 40; saltpetre, 40; resin, 
6; sulphur, 6; infusorial earth, 8 per cent. 

Sebastin.—Nitroglycerin, saltpetre and a specially prepared 
charcoal. 

Brain’s Powder.—Nitroglycerin, chlorate of potash, and, as 
an absorbent, any carbonaceous material as coal dust, sugar, 
fitarch, etc' • 

BhenUh Dynamite.—Solution of 2 to 3 per cent of naphthalia 
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in nitroglycerin^ 70; chalk, 3; heavy spar, 7; kieselguhr, 20 
per cent. 

Forcite.—Nitroglycerin and gelatinized cellulose of a thin 
consistency, when combined as a blasting gelatin, is mixed 
with a mixture of nitrate of soda coated with sulphur and 
wood tar, with the addition of about 1 per cent of wood pulp. 
The cellulose or cotton is gelatinized by heating in water under 
pressure. Nitrated cellulose mixed with some oxidizing salt 
is also sonfoiimes used. 

The grades are: 

Forcite gelalin .—Nitroglycerin 95, cellulose 5 per cent. 

Forcite No. 1.—Nitroglycerin 7.5, explosive base 25 per cent. 

Forcite No. 3.—Nitroglycerin 40, explosive base, 60 per cent. 

Forcite No. 3A.—Nitroglycerin 30, explosive base 70 per cent. 

Atlas Powder.—Nitroglycerin from 20 to 75 per cent, accord¬ 
ing to grade, wood fibre, nitrate of soda and from 2 to 3 per 
cent of carbonate of magnesia. 

Gelatine Dynamite. —Blasting gelatine with saltpetre and 
wood pulp containing from 80 to 60 per cent of nitroglycerin. 

Glukodine.—A saturated solution of cane sugar in glycerin 
produces by nitration a compound, when white and liquid, 
of about 33 parts of nitroglycerin and 3.2 parts of nitrosaccha- 
rose and when black 30.2 parts nitroglycerin and 4 parts nitro- 
saccharose. 

This is mixed with guncotton in the first case and charcoal 
in the second. 


American Hercules Powder. 

No. 1 

1 No, 2 


75.00 

! 40 


2.1 

31 


1.05 

3.35 


20.85 

10 


1 

15.66 



Judson Powder.—Oxidizing salts (nitrates) are made non- 
absorbent by coating them with a varnish of a hydrocarbon, 
solid at ordinary temperatures. To this, 10 per cent gritty 
anthracite is added and the whole mixed with 5 to 6 per dent 
of nitroglycerin. 

Palelne or Straw Dynamite.—Nitroglycerin mixed with nitro¬ 
cellulose made from straw. 
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TrantBfil*! DTnamite*—Nitroglycerin 75 parts, guncotton pulp 
25 parts, charcoal 2 parts. 

Carbo Dynamite.—Nitroglycerin about 90 per cent, carbon 
about 10 per cent. 

Snider Explosive. —Nitroglycerin 94 and a mixture of collo¬ 
dion, guncotton, camphor, and ether, 6 per cent. 

Von Dahmen*s Safety Dynamite—("laims an addition to 
nitroglycerin preventing its freezing at low temperatures. 

SmoUanlnoff Explosive.—Adds to about 80 per fent of nitro¬ 
glycerin a fluid, kept secret. It is claimed that the compound 
when charged in a shell can withstand the shock of a dis¬ 
charge from a gun. 

Guncotton. — Braconnet of Nancy (France) discovered in 
1832 that when concentrated nitric acid acted on starch, fibres, 
and similar substances, highly combustible materials were 
produced. 

Pelouie.in 1838, found that cotton, paper, and other vegetable 
substances could be treated in this manner, that the com¬ 
pounds thus produced could be ignited at a temperature of 
about 180° C =356° F. produced by a sudden pressure or a blow. 

Schoenbeln, of Rale, Switzerland, in 1845 manufactured 
guncotton by treating cotton witli a mixture of concentrated 
ritric and sulphuric acids. He is, therefore, generally con¬ 
sidered to be the inventor of what is called “ guncotton ” 
in English, “ schiesbaumwolle ” in German, “ fulmicoton ” or 
“ Pyroxile ” in French, from which the generic name of “ pyroxi- 
line ” 'is derived. 

Lenk’s Process. —For the manufwjture of guncotton, 1 part 
of nitric acid, sp, gr, 1.5, not less than 1.48, 8 parts sulphuric 
acid, sp, gr. 1.84, are mixed by flowing in thin streams in an 
earthen vessel and cooled before use. 

Cotton spun in loose threads and in skeins of 85 grms, in 
weight each, is hung on hooks and immersed for 2 or 3 minutes 
in a boiling weak solution of potash, 1.02 sp. gr., wrung out 
or centrifugated, washed thoroughly in cold water, and thor¬ 
oughly dried • 

A number of dried skeins are immersed for a few minutes 
In a'tall’cast-iron vessel in about 230 to 300 times their weight 
of the mixture of acids, and then placed on a grating over a 
veesel into which the superfluous aci(f drips from the cotton, 
whioh is at the same time slightly compressed. In this con- 
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dition the cotton is nearly 10 times Jieavler as originaHyand 
is placed in a stone jar, in which it is left for 24 hours, well 
covered, preventing access of air, and kept at a temperature 
between 5® and 2h° C The crude guncotton is wrung out 
or centrifugated in order to free it from acid as much as pos¬ 
sible, then washed in water and sometimes left in running 
water for several weeks, treated with a weak boiling solution 
of potash, washed in water again, and then dried in air at a 
ternperatuPei of not over 25® C = 77® F. 

Loose cotton or corded cotton can l)c treated in a similar 
way Sometimes the nitrated cotton is finally immersed in a 
sodium silicate solution for a short time and afterward exposed 
to the action of the air for several days, then again washed 
in running water and dried at a teuij^rature of not more than 
35® C =95® F. 

Guncotton can be distinguished from ordinary cotton by 
the harsh feeling and by its strong electric attraction after 
having been ruhl:)ed between the fingers in moderate heat. 
When not confined or compressed it explodes, by the appHca^ 
tion of heat or by ignition, with a brilliant flame and a hissing 
sound, without a loud report. A blow from a hammer will 
only explode the part which has been struck. 

In a moist state, after having l>een compressed from pulp 
in a hydraulic press, it contains about 15 per cent water; it 
may be perforated by a red hot iron, or drilled into or sawed 
without exploding. 

By means of a detonator composed of a percussion-cap with 
fulminate of mercury and a variable amount of well dried and 
compressed guncotton, it has been exploded while containing 
as much as 17 per cent of water. 

One gramme (0,035 oz. avoir.) of guncotton produces about 
585 cub. cm. of gas at 0'^ C.=32® F. and at ordinary barometric 
pressure of 760 mm. = 29.92 inches. 

Heat developed by explosion is estimated to be abopt 4500*^ 
C -8132® F., producing a pressure of 15,300 atmospheres. 

Guncotton is insoluble and is not, affected by water. It 
can be kept in a wet state without decomposing for years, 
and is perfectly safe to handle in this condition. 

SchuUze’.s Gunpowder. —Wood pulp purified from resinous 
and fatty matter, dried and treated with acids, then finely 
ground and waterproofed. 
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liSnoy’B White Powder.«-Nitrated wood or sawdust, 22 parts; 
sodium nitrate, 65 parts; sulphur, 13 parts. 

Uchatlus* White Powder. —Potato starch, 1 part; nitric acid 
fuming, 8 parts. Keep the mixture cool, and pour the thick 
fluid in a thin stream into 16 parts concentrated sulphuric acid, 
under constant stirring, l^et the resulting jelly stand for 
12 hours and wash repeatedly and alternately with pure water 
and eoda solution; dry the white powder at a temperature 

50® to 60®C.= U2®to 140® K. Strongly hygr^^pic and 
very rending when exploded. 

Tonlte.—Guncotton finely divided and nitrate of baryta; 
about the same weight of each. 

Totten’s Gunpowder. —Grains of a nitrated material with an 
inside kernel of pure guncotton. 

E. C. Powder, —Nitrocellulose, part soluble and part insoluble 
in ether, 47 to 56 parts; cellulose unconverted, 3 to 4 parts; 
nitrates of potassium and barium, 38 parts. 

Johnson Powder. —Nitrocellulose, 50 parts; saltpetre, 22 to 
to 40 parts; barium nitrate, 0 to 25 parts; torrefied starch 
and lampblack, 3 to 10 parts. 

Nltromannite.—Dissolve manna sugar, 1 part, in nitric acid, 
4 parts, add sulphuric acid until no more precipitate is formed, 
filter, wash precipitate, and dry at 40° C = 104° F, 

When pure, forms white acicular (needle-shaped) crystals, 
soluble in ether and hot alcohol. Its explosive qualities are 
similar to those of fulminate of mercury. 

Collodion Cotton. —Although not properly an explosive, 
it nevertheless enters in the composition of nitrogelatin: Pul¬ 
verized saltpetre, 20 parts; sulphuric acid of sp. gr. 1.835, 31 
parts; cotton, 1 part Dissolve saltpetre in acid, keeping 
cool, then add cotton, let stand 24 hours at a temperature of 
about 30® C.»86® F., wash'with cold water, then with warm 
water, and dry. 

Flameless Explosives.—Explosives in which the flame ia 
iuppressed or quenched at the moment of explosion. 

Bobnrlte, by Dr. Cari Roth.—A mixture of two solid sub- 
sianceG, neither being an explosive, and becoming such only 
when intimately mixed; chlorinated dinitrobenzol and ammo¬ 
nium nitrate, according to the formula C,H.,Cl(NOj)j+9NH<NO,. 

Belllte, by Carl Lamm.—Melt di hr trinitrobenzol at a 
temperature of 80® to 90° C. •» 176® to 194° F. and mix nitrate 
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of ammonia in it so that the grains the latter will be covered 
by the nitrobenzol 

SecurUe« —About 20 parts of meta-dinitrobenzol and 74 
parts of saltpetre or ammonium nitrate 

Favler’s Explosive.— Saltpeter (potassium nitrate) or ammo¬ 
nium nitrate is coated with a molten hydrocarbon like paraffin 
and formed into a hollow cylindrical cartridge the interior of 
whicii is filled with a nitrated explosive, such as guncotton, 
picric acirf, chlorate of ammonia or of potash, the last two 
having been previously covered with an easily fusible hydro¬ 
carbon. The explosive compound is moulded into cylinders 
so as to fill the hollow of the cartridge and is inserted when 
needed. It is exploded by a detonator of gun-cotton or 
potassic chlorate of about its weight and a fulminate cap 

HellhufHtc.—Nitropetroleum or nitrotar oils and nitric aeid, 
placed in separate vessels so that they can automatically mix 
when desired to explode. 

Romitc,—Nitrate of ammonia and naphthaline or nitro- 
naphthaline arc to l)e mixed, and when required for use chlorate 
of potash IS to be added 

Nitrate of ainmonia coated with paraffin or naphthaline, 
and for use mixed with chlorate of potash. 

Baok-a-rock,—('onipressed cartridges of chlorate of potash 
are impregnated just before use with a mixture of dead oil 
or other liquid hydrocarbon and bisulphid of carbon.- Nitro-. 
benzol or a mixture thereof with picric acid may also be used. 

Paoclastite, by Eugene Turpin.—Liquid nitric pero'xid and 
bisulphid of carbon, 2CS2+3N20^: 



N1 

N2 

Chlorate of potash.. 

. 80 

40 

Coal-tar. 

. 14 to 16 

15 

Wood charcoal. 

. 4“ 6 

40 

Nitrate of potash. 


40 


Granulated or in compressed cartridges. 


Picric Acid.— By dropping melted phenol into boiling nitric 
acid, trinitrophenol, Cf.H 2 (N() 2 );,OH, is obtained, called carb- 
azotic ‘acid or picric acid, also produced by treating phenol 
or carbolic acid, with a mixture of nitric and sulphuric 

acid 

Melenite, by Eugene Turpin.—Picric acid compressed and 
cast, picric acid agglomerated with an aqueous solution of |^nn/ 
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arabic, picric acid combined with fatty bodies, heavy oils, etc., 
picric acid and a 3 to 5 per cent collodion solution in ether and 
alcohol. Picric acid in dry powder is primed by 1.5 grammes 
of fulminate of mercury, ('ast or agglomerated, a detonator 
of picric acid in powder primed by fulminate is employed. 

Similar compounds are known under the names Liddite in 
England, Ecrasite in Austria, Thorite in United States. 

61. STRENGTH OF MATERIALS. 

Definitions and Explanations of Technical Terms. 

Stress. —The force tending to produce u phyHicul change of 
form in material. 

Strain. —The change of form produced by a stress. 

Tensile Stress. —The force wliicli acts by pulling apart. 

Tensile Strength, Modulus of Strength or Modulus of Tenacity.— 
The number of pounds necessary to produce rupture on a square 
inch of the material by pulling apart. The number of kilo¬ 
grammes producing rupture at a section of 1 square centi¬ 
metre of the material by pulling apart. 

Compressive Stress.—The forwi which acts by pressure. 

Compressive Strength, Crushing Strength. Modulus of Crush¬ 
ing Aeslstance, Coefficient of Crushing Resistance.—The number 
of pounds necessary to onish the material of 1 square inch 
of cross-action. The number of kilogrammes which will crush 
the material at a section of 1 square centimetre. 

Ultimate Strength. —The force expressed in units of weight 
producing rapture when acting on unit of area of the material. 

Dead Load.—A permanent or staying load, 

Moving Load or Live Load.—A temporary load, which conies 
and goes or which may be applied and removed. 

Elasticity.— Is the property of material to resume its orig¬ 
inal form after the removal of a distorting stress. 

Limit oS Elasticity.—The stress in units of weight acting 
on unit of area, which if increased would begin to produce a 
permanent set or deformation in the material. 

Modulus of Elasticity or CocfiSclent of Elasticity. —The stress 
in unitt pf*weight acting on unit of area which would shorten 
or lengthen any material an amount equal to its original length 
ui^r the assumption that its elasticity wouH remain perfect 
il^ithla these limits. 



Ultimate Tensile Strength. 
Elastic limit about 30%. 
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Elastic Resilience.— Is the work of resistance at the limit 
of elasticity. LoadXelaRtie elongation. 

Ultimate Resilience,—Is the work of resistance to the pro¬ 
duction of rupture of the material. Loadx total elongation. 

Transverse Stress,—^The force acting transversely to the 
length of the material. 

Bending Stress,— Force acting by deflecting transversely. 

Torsional Stress.— Force acting by twisting the* material 
around. * 

Shearing Stress.— Forces acting in opposite direction in the 
same plane transversely on the material. 


Compressive or Crushing Strength. 



Cast Iron * 

Iron and Steel*! 
Carbon. i 

0.14 to 0.70 

Wrought Iron^ 
KIukUc Limit 

Steels^ 
Kla.stic Limit 


Lb.s. 

per 

Square 

inch 

KIgms. 

per 

Square 

metre 

1 Lbs. 
per 

' Squam 
inch 

Klgnis. 1 

IKjr t per 
Square Square 
Ceiiti' , Inch 
metre j 

KIgm.s. 

per 

Square 

Coiiti- 

metre 

Lbs. 

per 

Square 
, inch 

KIgms. 

jier 

Square 

(Vnti- 

metre 

Highest. ^ 
Lowest . 
Average 

- ■ --A- ■■ 

167,000 

99,770 

146,118 

11,700 

7,014 

10,190 

140.C8.3 

67,994 

98,042 

0890 

4780 

6900 

26.000 

1800 

50,000 

3500 


• Tents for ordnance. 

3 Bau.<<chinger. 

^ British Steel committee. 


Compressive Strength of Stone. 


Name of Stone 

Tons per ' 
Square Feet: 

Kilogrammes (ler 
Square Metre 


700 to 1000 
800 

350 to 700 
500 

200 to .500 j 

7.055.000 to 10.930.000 
8,749.000 

3,827,500 to 7.055.000 
5,468,000 
3,827.000 

2.187,000 to 5.468,000 

Baaalb and trap. 

Limestone and marble. 


Slate. 


* Shearing Strength of Iron and Steel. 



Pounds per 
Square 
Inch 

KIgms. 
i|>er Square 
Centimetre 

1 C*>per cent carbon in steel 


Pounds per 1 
Square Inch j 

KIgms. 
per Square 
Centimetre 

Iron, single shear 
Ircc,double shear 

Btoel.. 

41.000 

2880 

• 


39,000 

2740 

48.000-t-32.000 C 

3374-1-2250 C 
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61a. WOODS. 

Board Measure. 

Timber is measured by board measure designated B.M., 
the unit being 1 sq. foot 1 inch in thickness. For sawed and 
hewed tim'oer the measurement may be expressed in cub. feet. 
For round log.s the numlwr of cubic feet is determined in accord¬ 
ance with the “ Ordnance Manual ” as follows: 

If L= length in feet, p=mean girth in feet or the circum¬ 
ference at the middle of the log and a=volume or contents 
in cubic feet, then: 



Strength ot Woods. 


Wootls Used in Build¬ 
ings and Machines 

iXensile per 
Square 
Inch 
1000 lbs. 


1 Shearing. 

: Square 

1 Inch, 

1 1000 lbs. 


Ash. 


i 4-8 I 

1 c 

12 

Beech. 

1 8-12 

1 8-9 

5 

9 

Birch. 



! 5-6 

9 

Box.... 

1 10-lS 



8 


4-9 

4-7 

1-3 

8 

Cherry. 


5-7 

3 


Chestnut. 

7-12 

4-5 

1-2 

7 

Cypress. 

4-6 




Elm. 

8-13 

8-10 


8 

Fir.. 




7 

Hickory. 

10-14 

10-14 

6-7 


Locust. 

10-15 

7-9 

7 

12 

Lignum vita.. 

10-12 

8-10 


12 

Maple. 

10 


6 

. 8 

Oak. live. 

10 

^^EsE^I 

8-9 

*12 

Oak. white. 

10 

6-8 1 

4-6 

11 

Pine, white. 

8-8 

8-6 

2-3 

8 

Pine, yellow. 

5-12 

6-10 1 

4-6 

7 

Spruce, fir. deal. 



8 

7 

Walnut, black. 

8 

6-7 

4-5 

12 

Poplar. 

3 

i 
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Tellon Pine Beams. 

Sale Unllonuly Distributed Load in Tons ol SOOO Pounds. 


Span ID 


Depth in laches lor 2*mch Thickness. 


Feet 








4 

6 

8 

10 

12 

14 

6 

0.370 

0.834 

1.482 

2 314 

3 343 

4 538 

8 

0.278 

0.024 

1.110 

1.736 

2 60(l* 

3 402 

10 

0.222 

0.5 

0.0 

1.388 

2 

2 762 

12 

0.186 

0 416 

0 740 

1.158 

1.666 

2 268 

14 

0.158 

0.358 

0.634 

0.892 

1.428 

1 944 

16 

0.138 

0.212 

0.560 

0.808 

1 250 

1 702 

18 

0.124 

0.278 

0.404 

0.772 

1.114 

1 512 

20 

0.112 

0.250 

0.444 

O.D94 

1 000 

1 362 


51b. Formulas for the Determination of Parts in 
Buildings and Machinery. 

Columns or Pillars. 

If P—crushing weight in tons of 2240 pounds; 
d» thickness of pillar in inches; 

/—length of pillax in feet; 

theft for pillars of from 4 to 30 diameters in length, according 
to Euler: 

Ai 

For oak 10.95-=- and 

i i* 

d‘ 

for red pine P” 7.81-^ 


According to Gordon: 



fn which a—the cross-sectional area in square inches of the 
pillar; 

c—coefficient—188 for timber generally—250 for dry 
N yellow pine; 

/-factor-7200' for hard timber g(fencrally-5000 for dry 
yellow pine. 
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ir pillars of more than 30 diameters in length, according 
•Tredgold: 

If safe load in pounds; 

b, t, and d= breadth, thickness, and diameter in inches; 
length in feet; then 
(i* 

W^nX^ for square; 

W*^nX-p for rectangular; 


Tr=nX for circular pillars, 

n=factor=l.'500 for beech, chestnut, elm, white pine; 
n“20()0 for ash, mahogany, etc ; 
n=2o00 for teak, oak, and hardw'ood generally; 
n = 2200 for red pine and similar timber 


Reams Under a Bending Load. 

P—load in pounds applied at any point of a beam; 
ir = uniformly distributed load in pounds; 

length of l>eam in inches between supports; 

6-breadth and d = depth of beam in inches; 

7^ = stress in pounds at extreme fibres from Table Strength 
of Wood " page 260 


lieam firmly fixed at one end with the load P at its free 
.‘\tremity. 


1 


EM* 

62 


Beam firmly fixed at one end with the load W uniformly 
distributed over the whole length: 


2 


IT¬ 


EM*, 


Beam supported at both ends loaded by P at the taiddlet 


3 . 


2E6d* 

SI 



WOODS. 


208 


Supported at both ends uniformly loaded: 

4Rhd^ 


4 . 


31 


Supported at both ends loaded in the middle by P and in 
addition uniformly loaded by If': 


5 . P' 


W 

31 2 ’ 


6 . wJ-^-2P. 


Firmly fixed at both ends loaded at the middle: 
4Rbd^ 


7, P=- 


'3i 


tinifornily loaded: 


8 = 


SRbd* 
'61 * 


Belattve Transverse Strength of Beams. 


Fastened at one end, load suspended from free end a i 

“ “ “ “ uniformly distributed over free length = 2 

Supported at both ends, load at middle = 4 

“ " “ “ uniformly loaded = 8 

Fastened at both ends, loaded in the middle 8 

** ** “ “ uniformly loaded *-12 


Woods. 

Physleal Properties and Adaptability for Tarious Purposes. 

e 

Elasticity.—Ash, hickory, hazel, lancewood, chestnut, yew, 
enakewood. • 

Toughness.-Oak, beech, elm, lipnnm-vitcT, walnut, hornbeam 
Eim (frain,—For can'ing and engraving- Maple, walnut. 

pear, box, lime tree 

DurMity, for dry works —Cedar, oak, beech, yellow pine 
etc. 
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For wet constntchon.—F.\m, alder, beech, white oak, planetre® 
white cedar. 

Ship building. —Cedar, pine, fir, larch, dm oak, locust, teak. 

House building —White pine, yellow pine, oak, ash, spruce, 
sycamore, etc. 

FurnituTc, common. —Beech, birch, cedar, cherry, pine, poplar, 
walnut, etc. 

Fumiture, /ine. — Amboy^a, black ebony, cherry, mahogany, 
maple, walnut, oak, rosewood, satinwood, sandalwood, chest* 
nut, cedar, tulipwood, zebraw’ood. 

Machine and millwork; frame. — Ash, beech, birch, elm, 
oak, pine, poplar, etc 

Rdlers. —Box, Iignum*vit®, mahogany, etc. 

Teeth of gear^heeh — Crabtree, hornbeam, hickory, locust, 
maple. 

Patterns. —Alder, cherry, white pine. 

61c, PRESERVATION OP TIMBER. 

\Vm. Burnett, 1858 —Chlorid of Zinc, 1 part dissolved in 
10 parts water is forced under a pressure of 100 lbs. or 125 lbs. 
per square inch into the pores of the wood. Cost from $5 
to $7 per thousand feet l)oard measure. 

BetheJl, 1838 —Saturating the wood with substances obtained 
from the distillation of coal tar, especially creosote or dead 
oil, applied under a pressure of 150 lbs. per sq. inch. Each 
cubic foot of timber absorbs in 12 hours from 8 to 12. lbs of 
dead oil. Cost of oreosoting KKX) feet, board measure, oak, 
or spruce fir from $5 to $8. 

Seely .—Heats the wood in a bath of creosote from 212® F. 
to 250® F- long enough to expel the moisture from the woods 
The hot oil is then withdrawn and cold oil admitted Absorb- 
tion from 6 lbs. to 12 lbs. per cubic foot; cost about 30 cent, 
per cubic foot. 

Robin —Treats wood with coal tar or oleaginous vapors in 
an air-tight chamber from G to 12 hours. 

Leuc/wf.—Introduces the w'ood in an air-tight drum sup¬ 
plied with a steam-jacket; admits steam to the jasket* until 
all pioisture is .expelled, then admits a solution of paraffin 
finder pressure for a certain time, after which the remaining 
paraffin is withdrawn. 
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Hayjord .—Admits steam to the wood in a closed drum and 
forces air into it until a pressure of 40 lbs. per sq. inch is attained 
with a temperature ol 250° to 270° F This is continued 
from 5 to 12 hours, according to swe and quality of timber 
treated. Then a vacuum is produced by an air-pump and 
the creosote oil is admitted and finally subjected to a pressure 
of about 75 lbs. per sq. inch for more or less time 

Bouchcrie, patented 1839 —TIic antiseptic used was crude 
pyrollgnitc of Iron. Freshly cut timber with tlic* terminal 
foliage remaining was set vertically or horizontally, with the 
foot immersed in the solution of antiseptic. I.ogs were placed 
on end and a tank was placed above it, containitjg the solution 
communicating with an air-tight bag surrounding the upper 
part of the log. 

All kinds of deliquescent salt solutions were in this manner 
used by the inventor for different purposes 
1^’ Fast dyes were applied to woods by successively introduc 
ing the dye and the mordant, and odorous solutions were 
used to give the wood fragiance 

Beerizing consists in saturating timber with a solution of 
borax.' 

Folacci .—Uses the following composition to produce imper 
■meability and incombustibility in wood. 


Sulphate of zinc.26 parts. 

Potassa. 10 “ 

Alum.'. 20 " 

Oxid of manganese. 10 “ 

Sulphuric acid G0° B... 10 “ 

Water. 25 “ 


, With the exception of the eulphuric acid, mix the chemicals, 
heat to 113° F., 45° 0. Add the acid gradually. 

A/ffrjery.—Saturate wood with a solution of sulphate of 
copper. ‘Very generally used for telegraph poles in France, 
Germany, Belgium, etc. 
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63. COLOR PIGMENTS FOB PAINTS, DYES, AND 
STAINS. 

Thfir oonstiluprit 

Minerals and Metal Compounds. 

The shadings of all colors begin with tehitc and end with 
hl(ick WliitrC may. therefore, be considered as the color 
from wliich all other colors emanate, and black as the one 
in which afl others disappear 

Any of the fundamental colors, wliite, black, yellow, red, 
and blue, may be modified by the admixture of one or several 
of the other colors and thereby may be formed composite 
colors, as, for instance,-gray, brow'n, green, violet, etc. 

White Colors. 

Barium Sulphate, BaSO^, is inomctimes used as a pigment, 
ground finely from the mineral known as heavy spar, which 
for this purpose, after grinding, is levigated and dried. 

Blanc flic is a variety of barium sulphate obtained by pre¬ 
cipitation, generally as waste material of other chemical opera¬ 
tions It is largely employed in the paper-making industry. 
It has good body and covering power, is permanent in air 
and light, and is probably the whitest pigment in existence. 

Grifilih Zinc White is a combination of zinc sulphid, zinc 
oxid, and barium sulphate It works well with oil, has good 
body, and covers well, and is permanent in air and light. 

Gyp.sum, CaS()^21l20, w'hen white, precipitated or ground 
into a fine powder and levigated, may be used with water 
as a pigment. It is employed as filling for paper, cotton cloth, 
etc Permanent in air and light, it may be mixed with other 
pigments without producing cl/anges. One • part gypsum is 
soluble in 500 parts of water In boiling hydrochloric acid 
it becomes entirely soluble. Calcination at a low, red heat 
converts it into plaster of Paris. i 

Magncstiei MgCO^—In nature it occurs in compact masses; 
combined with carbonate of lime it' forms the rock dolomUe. 
Insoluble in pure water it becomes soluble in a solution of 
carbonic acid. As a finely ground and levigated ^wder it 
may. be used as a pigment; only employed in a few mixtures, 
, Orr*8 White.— The reSult of a calcination of barium sulphate 
in a charcoal furnace, converting it into sulphid, dissolvli^ 
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the barium sulphid out of the calcined mass by lixiviation 
with water, adding the resulting solution to a solution of zinc 
sulphate, drying, and carefully heating the resulting preci¬ 
pitate of a mixture of zinc sulphid and barium sulphate, so 
as to convert part of the zinc sulphid into zinc oxid This 
constitutes then a fine white pigment of \'ery good body and 
covering power, mixing well with all vehicles and with oilier 
pigments, and is not discolored hy sulphur fumes or by expo¬ 
sure to air and light Its composition in per is about 
70 baryta, 15 zinc sulphid, and 13 zinc oxid 

Satin White. —Tlie precdpitate resulting by boiling a solu¬ 
tion of alum or of sulphate of alumina with lime water As a 
pigment it is fair in Ixxly and covering power It is an excel¬ 
lent material for paper staining or filling, producing by calender¬ 
ing a highly polished surface on the pajxjr. 

Spanish White.—A name given to a preparation of whiting 
or perhaps of white clay. 

Strontium White, »SrS()^—Similar in clicmical composition 
to barytes and gypsum, from wliich it may be distinguished 
by the red color it produces in the Bunsen flame. Being rare 
it is hardly of use as a pigment. 

Sublimed White Lead is the name given to a mixture of 
lead sulphate, with some zinc oxid and lead carbonate in a 
variety of proportions. As a pigment it has good body and 
covering power, is permanent in air and light, works fairly 
well with oi(, and is not jioifionous. 

White Lead 2(PbC08)PbIl./)y —Prepared by the usual indus¬ 
trial processes, of which there arc a number, the principal of 
which is the (iorrosion process. It is generally obtained as 
a white powder and used as a pigment with oil and water; 
it is permanent in light and pure air, but >\ill turn'more 
or less brownish, and when used as a water-color, almost 
.black, in moist air contaminated with sulphiirous gases. It 
mixei well with oil and water, has very good body and color¬ 
ing power, and may be mixed with all pigments free of sul¬ 
phur, without produoing chemical changes When sulphur is 
present it combines with the lead, producing lead sulphid, 
l*b6, *of a dark-gray color White lead is often adulterated 
with barytes. By dissolving a sample of w'hfte lead in dilute 
nitric acid, the pure lead carbonate is completely dissolved, 
leaving the barium sulphate %s an insoluble residue. 
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Whiting, CaCOj, Chalk, or Carbonate of Lime ground to S 
fine powder and levigated, is used in distemper, with water as 
a vehicle, for coloring walls and ceilings. With drying-oil worked 
into a stiff paste it constitutes putty. It mixes with all pig¬ 
ments which are not affected by alkalies. With a solution 
of glue, some drying-oil, and a large proportion of paper pulp 
it produces the material known as carton-pierre, which, pressed 
into molds and dried, is used for plastic interior decoration 
of rooms. ** 

Zinc White, ZnO—As obtained by the combustion of zinc 
vapor and collected from the chambers and flues, in which 
it is deposited, it forms a pigment of a bluish-white color, mixing 
well with oil and other pigments. It covers well and colors 
fairly well. As a water-color it is known as Chinese white. 

Black Colors, 

Carbon Black, C—Collected from chambers and flues in which 
it is deposited from incomplete combustion of natural gas or of 
mineral oil; contains from 95 to 97 per cent of pure carbon, the 
rest being occluded gases and moisture. Mixed and ground with 
a good quality of drying-oil it makes fine printing and lithograph¬ 
ing inks. 

Bone-black, Ivory-black.—lk)ne in one and ivory waste or 
chips in the other case are calcined at red heat in a closed retort, 

. admitting no air. The resulting black material, if intended 
to be used as a pigment is finely ground, and in the case of 
ivory-black mixed with a good drying-oil forms a much-prized 
fine black paint for artists. In the case of bone-black, which, 
used as a paint with drying-oils, has a brownish hue, the 
finely ground material is extensively used in the manufacture 
of blacking. In grains, bone-black is used for decolorizing 
sugar, glycerine, etc. 

The composition of both in per cent is about 75 mineral 
matter and 17 carbon. \ 

Lampblack, C—resulting from the incomplete combustion 
of any oil or fat, is deposited in specially constructed flues, 
from which it is collected. It mixes well with other pig¬ 
ments, with oil, water, or any other vehicle. It consist^/t>f 
about 94 to 95 per cent of carbon, the rest being water and 
a very small quantity of ash. Lampblack has no diyicg 
efifect on the oil. Painting with it, therefore, dries slowly. \ 
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Yellow ColorSi 

Antimony Orange, SbSg—A precipitate of bright-orange color 
resulting from the passage of sulphid of hydrogen through a 
solution of antimony chlorid. The dried impalpable powder 
sonsf.itutes a pigment nfixing with other pigments, except such 
of alkaline nature or containing alkaline ingredients. It mixes 
well with oil and water, has good body and good covering 
powers, and is unaffected by air or light. 

Antimony Yellow, Naples Yellow, is a compouflS of oxids 

lead and antimony of bright-yellow color, with good prop¬ 
erties as a pigment, but has of late largely been displaced by 
the cheaper chrome yellow 

Arsenic Orange, Realgar, As^j—C)ccurs in nature or is the 
result of sublimation of a mixture of sulphur and arsenic. Its 
light color, body, and covering power restrict its use as a paint 
bo special cases only. 

Arsenic Yellow, King’s Yellow, Orplment, ASjSg—Found 
as a natural.coloring-matter, it is made artificially by passing 
hydrogen sulphid through a solution of arsenious acid. As a 
pigment it is now rarely used. 

Barium Chrome, Lemon Chrome, BaCrO^ — A precipitate 
by mixing-solutions of barium chlorid and potassium chlorate. 
Although permanent in air and light it is limited in use, having 
but slight body and coloring power. 

Cadmium Yellow, CdS.—This pigment is the precipitate ob¬ 
tained by passing hydrogen sulphid through a solution of a 
Dadmidm salt. It mixes well with all vehicles, and as a paint 
has good covering power and remains unaltered in air and light. 
While it mixes with most pigments, it cannot be employed in 
admixture with pigments containing lead or copper. It is 
Edmost exclusively used by artists. 

Chrome Yellow, PhCrO^—Manufactured in various shades 
and tmts, generally by the addition of a variable quantity 
of lead tulphate, PbSO^. Such pigments mix with others free 
of alkaline substances or of sulphur, they mix well with oils and 
water, and have very gocri coloring and covering power. Some 
cheap chrome yellow may contain barytes, gypsum, or china 
clay*as tmting medium. 

Chrome Orange, PbCrO^ mixed with lead oxid or lead 8ul> 
lidiate, making it a chrome yellow modified in color by a vari- 
(tddition of the oxid or sulphate mentioDed 
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Ochre.—A bright yellow or reddish-yellow mineral of natural 
occiirrenoe, of variable and complex composition, principally 
of hydrated oxid of iron, silica, and alumina. As a pigment, 
when finely ground and dry, it mixes with other pigments, 
with all vehicles, oily and watery; as a paint it has good body 
and coloring power and is durable aiid permanent on exposure 
to light and air. 

Tin Oxid, Stannic Oxld, SnOj—Manufactured aa a pale 
yellowish •powder; is principally employed for coloring glass 
and pottery yellow, and for enameling. 

Zinc Chrome, ZnCrO^—A yellow precipitate formed by 
zinc oxid in a boiling solution of potassium bichromate, or 
by adding to a solution of zinc sulphate a solution of potas¬ 
sium chromate It is of pale greenish-yellow color of but 
little coloring power and body. 

Browa Colors. 

Sepia.—It is a brown coloring-matter from the ink-bag of 
the cuttlefish. It is mainly employed as a water-color by 
artists. 

Sienna in its raw condition is of a reddish or yellowiah-brown 
color, hut is mostly employed as a pigment when burnt Raw 
sienna finely ground, levigated, and dried makes a pigment which 
mixes with other pigment wuthout change. It mixes well with 
oily and watery vehicles, is, as a paint, permanent in light and 
air; its coloring power and body are relatively slight. 

Umber.—A natural pigment occurring in various. shades 
of brown and of variable composition. Calcination makes the 
shade darker. Its composition in per cent may vary as fol¬ 
lows: Silica, SiOj, 12 to 30; ferric oxid, Fe^Oj, 6 to 36; man¬ 
ganese dioxid, MnOj,, 10 to 12, to which may be added small 
proportions of alumina or lime. In some specimens the silica 
may be found to be replaced by barium sulphate up to 30 ^per 
cent and a little calcium sulphate. All umbers mix yell with 
other pigments, and mix well with oil or water. As paints 
they have fair covering and (X)loring power and are perma^ 
neut in light and air. 

Red Colors. 

^ Antimony Vermlllon.f Sb^,—A scarlet-red precipitate hniZL 
mixing solutions of antimony chlorid and sodium thiosulphate. 
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This pigment being & sulphid of a bright-vermillion color 
when employed for coloring vulcanized rubber, is unaffected 
by the sulphur in the rubber. 

Carmine is a red-Iakc pigment derived from cochineal, and 
is of a very complex chemical composition. It mixes well 
with oil and with water containing sonic ammonia in solution, 
and forms a powerful staining paint of a bright crimson-red 
color. It is completely soluble in ammonia, but is insoluble 
in water and in alcohol. The color fades som^vhat in light 
and air. 

Carmine Lake derived from cochineal Ihjuor after the extrac¬ 
tion of carmine, is an alumina lake only partially soluble in 
ammonia, but soluble in caustic potash or in caustic soda. As 
a paint it works in oil or water, but the brightness of its red 
color faints by exposure to light and air 

Derby Bed, Chrome Bed, Chinese Bed, American Vermil¬ 
ion, PbOPbOrO^—The result of dcooinposition of carbon¬ 
ate of lead in a solution of neutral chromate of potash. The 
powder obtained forms a pigment of a somewhat brilliant red 
color Mixed with oil it forms a paint, which, on account of 
the heaviness of the pigment, works with a little difficulty, 
with good coloring and staining power 

Indian Bed, —A dark-red pigment occurring in nature or 
prepared by calcination of wffires, of various composition, 
ferric oxid, FejOj, being the main coloring medium, which may 
vary in quantity in various samples between 44 and 95 per 
cent-, the other ingredients being carbonate of lime, barium 
sulphate or clay. These pigments mix well with water, and 
oil, and as paints have good coloring power They are mainly 
employed as stains. The pigments mix well with other pig¬ 
ments without provoking, or producing changes. 

Red colors, under the names of oxid red, vermilion red, tur^ 
hey red, are all similar to the above. 

Botge, or Colcothar, is a red oxid of iron obtained as the 
residual of the calcination of copperas. 

Bose Madder, an alumina lake with an extract of madder 
of a rose color; a high-priced pigment mixing well with water 
and oH, and almost exclusively used by artists. 

Bose Phik,—An alumina lake with an extract of Brazilwood 
on a base of some white pigment, nibstly used for paper stain¬ 
ing and wall-paper printing 
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Boyal Re4a are obtained by precipitating the coal-tar color 
eosiTic, with lead acetate solution on a base of red lead or of 
barytes or of a mixture of the two in various proportions for 
modifications of tints This pigment mixes well with water and 
oil, but the color faints somewhat by dkposure to light and 
air In alcohol and in methylated spirit the solution takes 
place with fluorescence and acquires a bright-scarlet color. 

Bed LeadfJ’bjO^ “-Orange lead, obtained by an oxidation 
process in speftally constructed furnaces, is a bright-scarlet red 
pigment exorcising a powerful drying effect on oil, with which 
it mixes well. As a paint it is considered to be the best mate¬ 
rial for grounding iron-work, as it preserves the iron from 
corrosion better than any other paint. On account of its dry¬ 
ing property it is used as a wnient in pipe-fitting for all pur¬ 
poses It is extensively used for electric storage batteries. 

Sienna when burnt is of a bright, somewhat yellowish red. 
With the exception of loosing its combined water it does not 
differ in composition from the raw state. Its main compo¬ 
nent parts in per cent are ferric oxid, 45 to 75, silica, 

SiO,, 7 to 23, alumina, AljO^, 1 to 15. Burnt siennas mix with 
other pigments without changing or provoking changes They 
mix well with water, oil, or methyllic alcohol. They are mainly 
Used as staining colors, as while their coloring powers as paints 
are good, their covering pow'ers are only moderate. They are 
permanent in light and air. 

Vermilion, HgS —This sulphid of mercury occurring in 
nature is the principal ore for the production of the liquid 
metal mercury. It constitutes in its pure state a color pigment 
of a very fine scarlet red. Being very heavy, with a specific 
gravity of 8 2, it has a tendency to sink in the vehicle with 
which it is mixed. As a paint in oil it has good coloring and 
covering power and is permanent in air or light In water- 
color painting it has a tendency to turn brownish. 

Vcrmllionettes.—These are lakes, made as substitutdl for 
vermilion, of a rose to a dark-red color, and of a variety of 
compositions. In all of them the coioriiJg matter is the coal- 
tar dye, eosthe, of which about 1 per cent enters in pale, and 
4 per cent in the composition of dark colors. The pigment is 
.obtained by precipitating the coloring-matter from a solution 
ol eosine by mixing it with*a solution of a lead or of an alumina 
aalt, onto a base of barytes, of barytes and red lead mixed 
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or on gypsum. These pigments have all good coloring power 
mix well with oil and water, fade somewhat in air and light 

Id alcohol or methylated spirit, the coloring-matter is dis¬ 
solved, the base pigments remain at the bottom, where a fluores¬ 
cent action can be observed, while the upper pert will be colored 
a more or less pronounced rose. 

Blue Colors. 

Aiurlte, Mountain Blue, 2(CuC08)Cun20g —basic car¬ 
bonate of copper occurring in nature. ' Rarely used as a color 
pigment. 

Cobalt blue, Co04(Alj08), Thenard’s blue, Gahn's ultramarine, 
cobalt ultramarine. This pigment mixes with other pigments 
without producing cijanges; as a paint it gives better results 
with water than with oil. It is permanent in air and light 
and unaffected by alkalies and dilute oxids. 

Prussian Blue, FeC^N^, or KFeOaNj—The chemical com¬ 
position varies in accordance with the manner of production. 
Varieties differing somewhat in tint and quality of color are 
known under the names of: 

Chinese Blue, a very fine color with bronzy appearance. 

Paris Blue of a slight violet hue; Drun.swlck blue, a mix¬ 
ture in various propwrtionR with precipitated sulphate of Ijaryta. 

Mitls or Steel Blue, resembling in color ultramarine. All 
these color pigments mix well with oil; they mix also very 
well with wat^r, and while they are very finely diluted in it, 
they'are in reality not dissolved. 

Soluble Blue a quality which will dissolve in water. 

Prussian blues mix well with other pigments without being 
affected by them and without affecting them, Alkalies or 
alkaline vehicles, however, turn them brown, Applied as 
paint they faint somewhat in the light, recovering the color 
in the dark. While they have good coloring power their cover¬ 
ing p^er is somewhat weak. 

Smalt.^As manufactured in various tints and shades of 
blue it is essentially a c^uble silicate of potash and cobalt, with 
a variable admixture of small proportions of lead oxid, calcium 
oxid, and alumina. Ground into very fine powder it mixes 
Well with'water and oil and is permanent in air and light. 

UltramarlDe. —Formerly obtained by a complicated process 
from the mineral iapis-Iazuli, is now artificially manufactured 
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by calcining mixtures in varying proportions, composed prin¬ 
cipally of silica, white clay, soda, sodium sulphate, sulphur, 
and rosin, producing pigments of bright-blue colors of various 
shades and tints from greenish to violet blues The finely 
ground pigments mix well with others, are not affected by 
alkalies, but may be decomposed by acids They mix well 
with water and oil, and used as paint are permanent in air 
and light. They are extensively used for painting and for 
printing. 

Green Colors. 

Brunswick Green.— A pigment prepared by mixing Prussian 
blue, chrome yellow, and barytes in proper proportions to 
produce the desired tint and shade. 

Chrome Green, Gulanet Green. —^The result of the fusion of 
a mixture of bichromate of potash and boracic acid. The 
green pigment thus produced is insoluble in water and acids, 
it is unalterable by alkalies or by moderate heat It mixes 
well with all vehicles. Employed as a paint it is permanent 
in air and light and has good covering and coloring power 
Cobalt Green. —A green pigment of variable composition, 
the principal ingredients being zinc oxid, ZnO, and cobalt 
oxid, CoO, which are constituents in all kinds. To this in 
some kinds is added phosphoric acid One green may, 

for instance, consist in ZnO, 88 per cent, and CoO, 12 per cent, 
and another in ZnO, 73, CoO, 19, P/)j, 8, These pigments mix 
well with other pigments, and with all vehicles, and as paints 
are permanent in air and light. 

Emerald Green, Paris Green, Scbwelnfurtb Green. —A copper 
acetoarsenite or a combination of copper oxid, CuO, arsenious 
acid, AsjOj, and acetic acid, C^H^O^ It is a pigment of a bright 
bluish-green color, which mixes well with other pigments free 
of sulphur It mixes well with oil or water, and as paint has 
good coloring and covering power, is fairly permanent h dry. 
places, but is affected in air and light 
It is soluble in acids and alkalies. Ks solutions in hydro¬ 
chloric acid are green, in ammonia deep blue, and in caustic 
soda blue ’ * * * 

Malnchlte, Mountain Green, Mineral Green, CuCOjCuGH^O— 
A carbonate of copper dbeurring in nature, partly employed 
as a copper ore and as an ornamental stone; has also bem 
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used as a pigment for green paint, for which purposes, how¬ 
ever, it has been displaced by greens of superior quality 

Terre Verte.—A natural green, principally composed of 
silica, SiOj, ,50 to 52 per cent, oxid of iron, FeO, 20 to 27, some 
magnesia, MgC), alumfha AljO^, which may be combined in 
one sample with caustic soda, in another with caustic potash, 
and in a third with caustic lime. 

The pigment mixes well with all vehicles; has, however, little 
body; is, therefore, deficient in coloring power, ^eat gives it 
a reddish hue. 


63. GUMS AND RESINS 

for VARNISHES. 

1. Fossil Gums and Resins. —Fossil gums are found 
under ground or under water, near sea coasts or in beds of 
streams. 

Amber.—The main supply has so far been obtained from 
the Baltic-Sea shore of northeast Germany It is exten¬ 
sively used for ornamental articles. In its natural state it 
is insoluble in any known vehicle. After having been melted 
it becomes soluble in turpentine and in boiling Hnseed-oil, 
producing a varnish of superior quality used as a coach var¬ 
nish. 

From the vapors of melted amber an oil can be distilled, 
known as amher-oil. 

When polished it is translucent, of a light-yellowish color, 
sometimes with white specks covering parts of its mass Speci¬ 
mens have been found with insects incrusted in them. 

Asphaltum, Bitumen of Judea. —Mined in many countries, 
it has been extensively employed as a very even covering for 
streets and for sidewalks It is soluble in many vehicles, in 
tuipei^ine and in naphtha and produces a varnish of an intense 
black color. 

Copal, Anlml Gum. —Jt is found in many commercial varie¬ 
ties in many localities of the west coast of Africa. Melts at 
about 205° C (400° F), and is thereby converted into a hard 
brittle mass, which is soluble in ether, turpentine, chloroform, 
etc., and in hot Imseed-oii, forming varnish of superior quality, 
e^ctensively used for carriages and fine furniture. 
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Ddmerara Copat, Locast Gum, Guiana Gum. —Found f i 

British Guiana It melts at about 240® to 250° C (450° 1 
465° F), and in so doing, gives off a considerable proportioi 
of volatile oil and of gas The resulting hard brittle mass 
is soluble in ether. It swells up to a gelatinous mass in alcohol 
and chloroform and forms a white jelly in petroleum. ■ 

Kauri, Cawrce.— Found on the Island of New Zealand 
exported from Aukland; is of a pale yellowish-brownish color, 
of a glassy to opaline lustre, conchoidal fracture, and pleasant' 
aromatic odor and taste. It melts at from 180° to 230° C 
(360° to 450° F.), and after melting becomes easily solubk 
in oil, producing a good varnish for furniture and inside work 
It is completely soluble in ether, and, after having been melted, 
losing thereby about 25 per cent of its weight, it is soluble in 
turpentine, petroleum spirit, benaol, and chloroform, in which 
before this process it was only partially soluble, being mainly 
converted into a gelatinous mass, the same effect being pro- 
duced in alcohol. 

2, Recent Gums and Resins.— Damar, Gum Damar, from 
Siam and vicinity is a brittle almost white-yellowish trans¬ 
lucent resin, soluble in oil, turpentine, petroleum spirit, ether, 
chloroform. In alcohol it swells to a white gelatinous mass 
Used as varnish for maps and ornamental articles, etc., on 
account of its limpidity and clearness. 

Dragon’s Blood. —From eastern Asia; is soluble in alcohol, 
benzol, petroleum spirit, shale spirit, acetic acid, caustic soda, 
ammonia, chloroform, carbon bisulphid, etc., the solutions 
being of a crimson color. It dissolves with difficulty in ether 
and is almost insoluble in turpentine. It melts at about 120° 
C (248° F.). In a powdered condition it is employed for 
coloring varnishes a deep red. 

Gamboge.— Principally from Siam, it is a gum resin of a 
bright-red color. The resin in gamboge is soluble in alcohol, 
ether, chloroform, and in alkaline solutions. The ^um is 
soluble in water. It is principally used as a yellow water-color. 

Gum Mastic.— It is obtained from ■^me parts of the coast 
and from' some islands of the Mediterranean Sea. It is brittle, 
of conchoidal fracture, and softens at about 30° C, 1^86° F), 
melts.at from 105° to 120° C. (221° to 248° F.). R is soluble 
turpentine, alcohol,' amyl alcohol, chloroform, acetojjjfc 
Insoluble in ether. It is used as a varnish. 
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. Gum Acerolde.—A resin which dissolves in alcohol. 

Gum Arabic is insoluble in alcohol; in about times its 
'eight of water, with the help of gentle heat, it is converted 
nto a viscous jelly, which becomes more adhesive by the addi¬ 
tion of a little sulpbaie of alumina. Used as an adhesive 
for various colors and for other purposes. 

Gum BeoiRoin softens at about 75° C (167° F.), melts at 
.00° C. (212° F.). Soluble in alcohol and ether and employed 
fkS spirit varnish. «' 

Gum Elemi is obtained from the Philippine Islands It softens 
tt about 75° to 80° C (167° to 176° F.), and it melts at 120° C 
'248° F.). It is soluble in ether but only partially soluble in 
ilcohol 

Lact Shellaci Button Lac, Garnet I.ac. —As obtained from India 
It is [partially soluble in alcohol and methylated spirit, with 
either of which, however, it forms a very extensively employed 
spirit varnish, which on account of its quick drying property, 
its good covering power, and easy application is nearly exclu¬ 
sively used for patterns of machinery Such tarnishes are 
Uso used for inside woodwork and m a polish for fine furniture. 
Shellac is soluble in amyl alcohol (fusel-oil), in solutions of caustic 
potash, of caustic soda, of borax, and of ammonia, the latter 
Df which ^re used as varnishes and dressings for leather. 

From alkaline solutions bleached lac is precipitated by chlorin 

Sas. 

Manilla Cop^l, obtained from the Philippine Islands, melts 
it about 115° C. (240° F.), This resin is soluble in alcohol, 
nethylated spirit, ether It is partially soluble in amyl alcohol, 
benzine, petroleum spirit, turpentine, chloroform, leaving gen¬ 
erally a residue of a white gelatinous mass It is useful for 
ipirit varnish, which added to shellac varnish imparts to the 
Iry coat more elasticity 

-Bosln is the residue left after turpentine has been distilled 
rom jflne resins. When cold it is brittle, of a yellowish light- 
)rowii color and characteristic odor It is largely employed 
or cheap inferior vami^es, produced by dissolving it in rosin 
pirit, in turpentine, or in naphtha, or by mixing melted rosin 
rith'boiling linse^d-oil 

Sandarac, Gum Juniper, is a bard and brittle resin of a 
fBUowish-white color, which melts ab 150° C (300° F.) It is 
in alcohol, methylated spirit, amyl aleohol, ether; 
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slightly soluble in benzol, petroleum spirit, turpentine, 
which it becomes soluble after having been fused. It is manui 
factured both into spirit and into oil varnish, forming bright)^ 
lustrous, hard, and durable coats when dry. 

Turmeric, Curcumln, obtained from the roots of curcuma in 
hot solution from which orange-red colored needles crystallize out 
on cooling, This yellow coloring-matter is soluble in hot, 
but only slightly so in cold water It is soluble in alcohol, in. 
glacial acetiV} acid and in solutions of alkalies, which change' 
its color to brown-red In Iroric acid solutions the color turns' 
brown It is employed for staining and for coloring varnished 
yellow, and is in use as a dye, cotton being dyed by it with¬ 
out a mordant. 

54. DILUENTS AND SOLVENTS 
for Faints and Varnishes. 

Drying-oils, which are the only ones which can be used 
for paints, absorb oxygen at the surface exposed to the air, 
whereby an elastic tough film is produced. When such oil, 
forming a vehicle for some coloring pigment, is spread out 
over a surface as paint, it is, by its property of obsorbing oxygen 
from the air, wholly converted into such a film, which in drying 
constitutes a hard, homy protection for the surface painted. 

Spirits and alcohols dry without leaving any residue. When 
they iimtain gums and resins in solution, however, forming 
varnishes, they leave the gums and resins behind in drying. 
Some spirits are employed in the art of painting as diluents 
for paints, serving at the same time as promoters for diying. 

Rempseed-oll is a slow-drying oil of inferior quality as a 
paint oil. It has, however, been used as such in exceptional 
cases. 

linseed-oil, raw and refined, at ordinary temperaffurfr, Is 
clear and limpid, of a yellowish-brownish color. It is soluWe 
in alcohol at the rate of 1 volume of (Ini in 40 volumes alcohol 
cold, and in 5 volumes alcohol boiling. It is also soluble itt 
turpentine, petroleum spirit, shale naphtha, rosin spirit, etlier, 
chloroform, etc 

By warmiM a mixture of raw linseed-oil and glacial acfitfo 
acid (99 per dent pure), above 60® C. (160° F), the oil iB.dhj^ 
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"folved, but separates again from the solution on cooUng, 
'■und from 47° to 30° C (117° to 97° F), a turbidity in the 
. solution Is produced, which disappears again on further 
cooling. 

If adulterated, the oil is not completely dissolved and the 
turbidity occurs much sooner. 

The value of linsced-oil as a vehicle for paint is dependent 
on its oxygen-absorbing capacity, which vafies between the 
maximum of 190 volurae.s of oxygen absorbed by* one volume 
of Baltic oil, and the minimum of 130 volumes of oxygen 
by one volume of Bombay (India) oil American linseed-oil 
absorbing about 160 volumes of oxygon. 

The solid elastic film produced by drying linsecd-oil is insoluble 
in water and in alcohol. It is only partially soluble in ether 
OP chloroform. 

Boiled Llnseed-oll. —By keeping raw linseed-oil at a tem¬ 
perature of about 260° C. (500° F) for several hours, and 
by adding to the oil from 1 to 2 per cent of a so-called dryer, 
which may consist of manganese peroxid, litharge, red lead, 
or any other oxidizing substance or a mixture of several of 
such substances, the oil may be brought to a more or less thick 
or viscid consistency, in which condition it has the property 
to dry much quicker than in its raw state 

The heating may be performed over a fire, producing a com¬ 
paratively dark oil, or by steam with the production of a paler 
oil ’ 

In the use of boiled linseed-oil as a vehicle for polbr pig¬ 
ments, it is often mixed with raw oil, which, while the drying 
is retarded, produces a more elastic paint film on the painted 
surface. 

Menhaden-oll, obtained irom a fish, abundant along the 
east coast of North America; has a brownish color Its prin¬ 
cipal employment consists in leather dressing. Occasionally 
it is uwd as a paint-oil, as it dries well in air, leaving a hard 
(film behind. 

Foppyseed-oU, a drying but costly oil, used only by artiste. 

Bof(ii.-oU is the last distillate from rosin, the first being an 
acid liquid^ the seCond a light rosin spirit, the third a heavy 
Tosin-oil, which after being refined by successive treatments 
wfth sulphuric acid and caustic soda* is sometimes employed 
jys an adulterant of linseed-oil ' Paint made with such adul- 
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terated oil may dry all ri^t, but it will subsequently become 
aticky 

TValnut*oU is a clear straw-colored drying-oil used by artista 

Alcohols and Spirits.—Alcohol, Ethyl Alcohol, Spirit o{ 
Wine. It is a solvent for shellac, saiiderac, rosin, camphor, 
castor-oil, coal-tar colors, etc. It mixes with water, turpen¬ 
tine, etlier, chloroform, carbon bisulphid, benzol, etc. 

Amyl Alcohol, FuseUoU, dissolves many resins, essential oils, 
camphor, elu. It mixes with water, 1 part in 11 parts water 
In indefinite proportion with alcohol, ether, chloroform, car¬ 
bon bisulphid, petroleum-ether. 

Benzol, Benzine. A hydrocarbon derived from petroleum; 
dissolves oils, fats, resins, mixes with alcohol, turpentme» 
petroleum-spirit, ether, etc. 

Benzoline is a solvent for oils, fats, waxes, and for a number 
of resins. Mixes like benzol. 

Gasolene has the same properties as the foregoing hydro¬ 
carbons. 

Methyl Alcohol. By distillation of wood, the liquid wood 
spirit is obtained; this is converted into methyl alcohol by 
a rather complicated purification process. It is a colorless 
liquid which mixes in all proportions with water, turpentine, 
ether, etc., and dissolves most gums and resins with which it 
forms varnishes of extensive u^. 

Methylated Spirit is a mixture of 90 per cent alcohol (wine 
spirit), with 10 per cent wood spirit principally used for shellac 
varnishes and polishes, for damar, sanderac, rosin, and other 
resinous varnishes. 

Naphtha.—A distillate from coal tar, properly purified, is a 
good solvent for oils, resins, waxes, coal-tar pitch, wood pitch, 
and mixes with ether, alcohol, turpentine, petroleum spirit, etc 
Several naphthas are in use, all having the same solvent and 
mixing properties. They arc known as: 

Wood Naphtha, or refined wood spirit 

Shale Naphtha a refined distillate from shales. ^ 

Petroleum Naphtha, Petroleum Spirit, obtained by frac¬ 
tional distillation of crude petroleupi. 

Benzine and benzoline are names applied substantisily to 
the same, or closely similar distiHates from petroleum, as is 
also gasolene. All ar^ fractional distillates from pe^leom 
and differ oaly in specific gravity. 
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Tnrpenilne. —This, for the painter, most important spirit, 
is the distillate from pine resin, obtained by blowing steam 
through melted crude pine resin. It mixes with alcohol, ether, 
carbon bisulphid, and with all petroleum distillates and with 
water. It is a solven# for fats, oils, gum resins, waxes, etc 
In air it partly evaporates and partly absorbs oxygen, whereby 
it is converted into a hard resinous substance It is so far 
the best material in use as a solvent for varnishes of the vari¬ 
ous commercial gums and resins, and as a diluefH and drier, 
for paint. It is often adulterated, usually with rosin spirit, 
petroleum spirit, shale naphtha, coal-tar naphtha, etc. Pure 
turpentine has a specific gravity of 0.864 to 0.870, average 
0.867. It boils at 156® to 160® C. (313 to 320® F.), and dis¬ 
tills completely without leaving any residue at 170° C. (338° F.). 

66. MISCELLANEOUS. 

Mariiie Glue. —India rubber, 1; coal-tar naphtha, 8 to 12; 
and shellac, 15 to 20 parts. Melt together; use hot. 

Water-proof Glue. —Boil about 8 parts of common glue in 
about 30 parts of water, add 4\ parts boiled linseed-oil, con- 
tipue boiling for 2 or 3 minute while stirring. 

Japan VarnUh. —Parts by weight. Boiled linseed-oil, 88; 
litharge, 4; red lead, 6; sugar of lead, 2; umber, 1; white 
vitriol, 1; gum shellac. 8; spirits of turpentine, 2. Mix all 
the ingredients except a small portion of the boiled linseed- 
oil aAd all the turpentine Roil over a slow fire for 5 hours, 
stirring continually with wooden spatula; add occasionally 
boiled oil to check ebulition. When nearly cool, add turpen¬ 
tine, stirring it well in Keep in tightly corked cans. 

Boiled linseed-Oll. —Preparation. Parts by weight. Raw 
Unseed-oil, 103; copperaa, 3.15; litharge, 6.3. Suspend the 
copperas and litharge m the oil in a cloth bag, and boil slowly 
for abftut 4J hours. 

Dryer for Paint.— Parts by weight. Copperas and litharge 
from boiled oil, 60; boiled oil, 2; spirit of turpentine, 56. Grind 
and mix thoroughly 

Considered to be useful as driers for boiling Unseed-oii are 
the followfog: 

Manganeie Dfoxld, Manganese PeA)xld« Black Oxld of Man* 
PyrolniUei aU names for the same substance, yields 
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oxygen by heat and is therefore added to the boiling oil in 
quantity of about ^ to 1 per cent of the oil, but darkens the 
color of the oil. 

Manganese LInoleate, which is obtained by pouring a solu¬ 
tion of manganese sulphate in a caustic-potash linseed-oti 
soap solution. The curdy mass produced is filtered, washed, 
and dried, and is used in this condition as a drier and’bleacher 
for boiling linseed-oil. 

For the production of pale oils and for imparting to the 
boiled oil the property of drying. 

Manganese Sulphate, MnSO;t, a faint pinkish-colored salt has 
also been found useful. 

Black Stain for Wood. —Copperas, 1 lb.; nutgalls, 1 Ib.; sal 
ammoniac, 0 25 Ib ; vinegar. 1 gallon. Mix and stir occa¬ 
sionally for a few hours. Apply the stain to a cleaned sur¬ 
face of wood 2 or 3 successive times; when dry rub with boiled 
oil; polish. 


Mortars, Concretes, or Betons 
for Masonry and Foundations. 


Designation 


Parts by Volume 



Water 

Sand 

Lime 

Hy- 

draulic 

Lime 

Cement 

Broken 

Stone 

Common mortar. 

3 to 5 

1 



' 



Hydraulic-lime mortar 

3 


1 





Cement mortar.. 

2 to 3 



1 




Concrete. 

3 to 5 

1 



3 to 6 


For stiff 

Beton Croton Aqueduct 

3 



1 

3 


paHe 

Beton Coignet. 

20 

4 

1 to2 





Cement concrete. 

3 



1 

4to7 J 

i 



Slses of Drick. 


Designation 

Siee in 
Inches 

Designation 

■ Sise in 
Inches 

British legal standard. ■ . 
United States, average. . 
U. 8. press-brick paving. 
Baltlmdre front .... 

84X41X24 
84X4 X24 
S X4 X24 
84X44X24 
84X44X24 
84X4 X24 

Colabaugb. 

Maine. 

Milwaukee. 

North River. 

Fire-brick, Stourbridge. 
Fire-brick, Amerioan 

81X3 +2 

84 X 44V2 

8 X84xa 
94X4lX2 

8Ix4x« 
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Fire Clar* 
Average C^mpoaltion. 


Silica 

Alumina 

Pfotoxid of 
t Iron 1 

Lime 

MasoeRia 

Potash 

89.8 to 70.3 

1 35. to 26 4 

1 

3 to 1 1 

1.4 to 0 4 : 

0.3 toO.4 

2.2 to 1.4 


Preservative of Cut Stone. 

Wall Surtarrs. 

Apply to the wall surface to l)c treated alternately coats of 
a solution of sodium silicate, followed by lime water; repeat 
two or three times. This will produce a hard coating of sili* 
cate of lime. 
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Abbreviations, 2 
Air. atmospheric, 22 
oompreseed, 246 
UaueBed, 248 
AlseDraic signs. 2 
Alfoys. 1^210 
amalgftiM, 205 
aDtifriutioQ, 203 
brass, 1^. 200 
btonse, 195,198, 203 
composition of, 207 
ductility of. 209 
German silver, 204 
liquation of, 206 
ordnance bronse. 195 
polders, 207 
special. 210 
statuary, 200 
tenacity of, 
type metal. ^5 
white. 201, 204 
Alphabetical lists 
m metals, 26,114 
. of minerals, 54 
Ammonia, compressed, 247 
Analysis, 39,137,139,148 

Wowpipe, 37^9 

erf metals, 139-144 
of ores, 137-159 
volumetric, 148 

Assay of ores, 137,139,144,160 / 
tons, 30 

Atomic weights, 26 


. « B 

Batteries, electric, 176 
double ^d, 179 
dry, 181 

' single fluid, 178 
Beaum4 hydrometer, 25 
Sack Wnt. 268 , 

Blowpipe appatwtuB. 37 
anuysis. 44. 46,48 
Blue paint. 2^ 

Bom measure, 260 
Bona beads, 48 



Borings, prospect, 245 
Brass alloys. 108 
Bronzes, 195-203 
Bronzing liquids, 211 

C 

Cast iron, 183-189 
composition, 183,188 
chUl of. 188 
strength of. 258, 259 
Characteristics of minerals: 
chemical, 44-53 
physical, 37'43 
tables of, 60-81 
Conductivity, electric, 169 
Condensation of mineral oils, 242 
Consumption nf water, 241 
Copal resins, 275-277 
Copper ore assay, 139 
analysis, 141 
plating, 174 
Cupola charges, 189 
Curcumin gum, 278 
Customary measures, 10 
Cyanid of potassium 
process, 159-168 
apparatus for, 159 
gold extraction, 164,166 
solutions of. 165 

D 

Damar gum, 276 
Diluent for pmnt, 278 
Discovery oi metals, 114 
Double-fluid cells. 179 
Dragons blood, 276 
Dry cells, 281 
Ductility, 209 
Dynamite, 251 

g 

Earth, 22 
Electrolytic 
analysis, 141 
equivalents, 26-28 
generalities, 169 
goId»extrBction, 96,164 
, plating, 171-175 
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ExptoMves, 240-257 
dynamite, 249 
ftMuelew, 255 
fulminate. 250 
gluko^ne. 252 
gimcottoD, 253 
gunpowder, 249 
nitroglyoerinc, ^ 
nitromannite, 255 
pitrric acid, 250 


F 

Fillert- for cities, 239 
I'iaincU''=« ejfgloKives, ^5 
Fracture <i1 minerals, 43 
Fulminate, ^50 


i.ases, compresaoil, 246 
liquefied, 248 

(leological classitication, 21 
rocks, 23 

Glukodine exploi'ive, 252 
Gold alloys, 157 
assay, 150 
extraction. 96,104 
foreiim metals in, 
metmlurgy of, 96,150 
minerals. 68 
ore, 150 
plating, 173 
Gravity, 39, 213 
laws of, 213 
S|>e('ific, 39 
Green pigments, 274 
Gums, 275-278 
aml>er, 275 
arabic, 277 
copal. 275 
curcumin, 278 
damar, 276 
dragons blood, 27o 
gamboge, 276 
sandarac, 277 
shellac, 277 


H 

Hardness, scale of, 39 
of water, 219 
Heat tests, 45, 46, 47 
Hydraulics, 213 
Hydrometer degrees, 25 
Hyposulphite ox soda, 148 

I 

Indicators, 30 , 

Insulation, electnc, 138 

Inquartation, 167 

Iron and steel, 132-192 
cast iron, 183,188,189 
chemical tests. 189 
cwnposition, 183 

ores. 82.182 

passive state of, 194 
plating. 175 
strength, 258 
wrought, 183 


Jets of water, 216 
L 

Lacquers, 212 
Liquation of (dloys, 210 
Liquefjdiig of gases, 248 

M 

Measures, 3-21 
commercial, 12,13,14,15 
customary. 11.12 
met rii, 10,11 
standards of, 3-9 
of valoe. 13-15 
scietitiUc, 16-21 
Metals' 

an<»ys, 195-210 
alphabetical list, 26,114 
atomic weights, 26-30 
discovery, 114 

iiietoUurg,v, W-nS 

meliiutt points oi, 2o, lio, 
oxids, name tests. 50-53 
m paying ore. 195 
strength of, 208. 258 
Minerals, 54-81 
alphabetical list, 5^59 
characteristics, 60-81 
Mineral oils, 240 
condensation of, 242 
mixtures in, 243 
paraffines, 243 
petroleum, 244,246 
Miners’ inch, 215 
Miscellaneous, 281 
bricks, 2B2 

preservation of stone, 282 
lire clay. 283 
Mortars. 28l 


N 

Naphtha, 280 
Nickel metallurgy, 111 
plating, 171 
Nomenclature: 
electric, 169 
dynamic, 257 
Normal solutions, 35 

0 

Odor of minerals, 43 
of gases, 46 

Orw, 82-89, 137-195 . 

analysis of. 137-159 # 

copper, 139-141 
copper traces m. Wo 
gold, 160-156 • 

gold traces in, 166 
metals in paymg. Iw 
'roasting of, 137 
soorification of, 137 
silver, 144 
Mlver, gold. 

Organic matter m water, 234 
Optic properties, 43 
Orifices for water. 215 
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P 

'IPabt pigments, 266-275 
black, 268 
blue, 273 
brown, 270 
green, 274 
red, 270 

white, 286 • 

yellow, 269 

Paint, diluents. 278-^1 
oils, 278 
Paraffines, 243 

Parting, silver from gold, 138 
Petroleum, 244 
Phosphor bronze, 196 
copper, 196 
tin, 196 
Photometry, 21 
I^cric acid. 256 
bating, electrolytic, 171-176 
copper, 174 
gold. 173 
iron, 175 
nickel, 171 
silver. 172 
tin, 175 

Precious stones, 116-136 
Preservation of wood, 264 
PuriOcation of water, 219, 227 


U 

Reagents. 31-35 
Resistance, electric, 167 
River-water, 240 
Roasting ores, 137 
Rocks, 21-25 
constitution, 23 
formation, 21 


S 

Scientific measures. 16-21 
dynamic, 16 t 
elMtric, 18 
photometric, 21 
thermic, 16 
Scorification, 137 
Silver, lixiviation, 144 
metallurgy, 94 
minerals, 64 
ores, 84 
gating, 172 

Sodium, carbonate, 230 
hydrate, 229 
•hyposulphite, 148 
stilpUd. 146 
Solders, 207 

Solutions. 144-150,162-167 
hyposulphite, 148 ^ 

^ixjviation, 144 
potassium eyanio, 162 
platigg, 171 


Solutions, soda, 148 
of substances, 220 
Standard measures, 3 
Steam-boilers, water for, 231 
Steel. 184, 189-194 
strength of, 258 
tool, 184 

Stone preservation, 281 
Stratification oi rocks, 21 
Streams of water, 217 
Strength of materials. 208. 257 
alloys. 208, 209 
cop|)er, 208 
wrought iron, 258, ^9 
cast iron, 258, 259* 
steel, 258, 259 
wood, 260 


Tests, for copper, 143 
for gol<l. 166 

for metals hi flame, 50-53 
ot solutions, IG.') 
tor water, 222 
Turpentine. 281 
Type metal, 205 


V 

Varnishes, 275-281 
alcohol, 280 
naphtha, 280 
oil, 278 

iunjentine, 281 ^ 
Volumetric analysis, 148 

W 

Water. 219-241 
consumption of, 241 
domestic, 232 
filters for, 239 
hardness of, 219 
manufacturing, 232 
organic matter in, 234 
purification of, 227 
steam-boilers, 231 
substances m, 220 
testing of, 227 
Weights, 3-19 
assay tons, 30 
atomic, 26, 27. 28 
customary, 11,12 
metric, 4 
in vacuum, 29 
Weire of streams. 216 
White alloys, 201 
pigments, 266 
Woods, 260-265 
adaptability of, 263 
board measure, 260 
preservation of, 264 
strength of, 261 














